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THE    AUTHOR 


PAVING  ECONOMY 

Road  and  Street 


The  Reuon  for  This  Writing. 

In  the  summer  of  the  year  Nineteen-ten,  the 
author  of  this  treatise  rather  unexpectedly  found  him- 
self thrust  into  control  of  and  responsibility  for  the 
street  paving  policy  and  operations  of  the  City  of 
Milwaukee,  having  been  called  to  that  city  by  a  newly 
elected  administration  bent  upon  the  reform  of  a  thor- 
oughly unsatisfactory  state  of  affairs  in  the  muni- 
cipality's street  paving  department,  and  being  virtual- 
ly forced  to  remain  by  the  determined  opposition  of 
certain  private  inteiests  opposed  to  th(  se  moves  for 
the  betterment  of  the  city's  pavirrs;  situation  which 
it  was  found  lucessary  to  recomineHd 

While  hy  no  means  unfamiliar  wi  ,,  giMic  i  iftreet 
paving  practice  at  the  time,  and  rtasonabi  well  in- 
formed fiom  the  contractor's  point  of  vieu  it  was 
a  very  short  while  before  it  became  .|uif*  -vident 
that  there  were  many  angles    of    the    pro'  it 

should  be  viewed  by  a  city  official  to  whio  .n- 

tractor  I  had  given  but  slight  considtratioi  hat 

these  angles  required  more  careful  study  be:  any 
decisive  and  compr  ;hensive  action  could  be  inte^  erent- 
ly  determined  upon. 

Tt  was  after  the  realization  of  the  above  fs 
that  the  author  veally  began  the  study  of  r(,.id  - 
shoot    paving   economy,    though     it    had    previously 


icccivt'd  Hiiiiic  t-asiiiil  tliuiitrlil  on  iii>  p.-iit.  'I'lii-  ^,  ._. 
was  fxtcii'lf'd  thioijjjii  sivctjil  ynv^  nf  v<  ry  active 
iiiiinicipal  sfivici-,  and  still  conti,  ii.  d  df>|»itc  tin-  l"ai;t 
that  I  was  at'tt'rwards  on  tiit-  i.,:!.,idc  df  tin-  city  tn-a- 
Niiry  lookiuK  in  instfud  of  on  tlu>  insidi-  l(M>kin<?  out. 

|t  is  \u.'.  <.'iv('n  to  cvi'I.n  i-ity  otTi.dal  concerned 
with  street  iMisiii);  iiuitterN  to  enter  tlie  p  ildie  ser 
vice  with  the  treneral  knowled-.T  oT  pavements  an  i 
l>avin^'  alT'airs  and  |>avini;  nien  tliat  the  author  prs- 
sessed :  and  ni}in\-  are  therefor  i|nite  easily  iinposi  1 
npon  by  clever  proinoteis  and  ayents  who  work  in  all 
the  devions  ways  known  to  intMlern  industry.  I?eeanse 
of  the  alMtve.  and  the  heliel'  that  his  own  present  \  jew 
ol'  the  prolileni  after  several  years  id'  its  stud\  may  act 
as  a  vainalile  )iack<rronnd  of  information  from  wlii(h 
otheis  may  start  with  at  least  a  knowledge  of  tjic  dif- 
ferent points  id'  \aliie  in  street  pavement  suifin-  •  Ih.' 
aiitlior  is  mo\ed  to  this  rather  tcdions  \\i-itinir. 

To  Whom  it  is  Addressed. 

The  follow  inir  pai"ijrraphs  are  directed  particular- 
l_\  to  newly  elected  or  appointi'd  max'ors.  city  manaireis. 
eit.v  commissioners,  directois  of  jinldic  works,  super 
intetidents  of  streets  and  roads,  city  aldermen,  com- 
missionei's  of  hiyliways.  mirnsters  of  roads,  secretaries 
of  boards  of  trad.  .  chamiiers  of  conrieice.  civic  so- 
cieties, and  ail  others  who  suddenly  find  themselves  in 
need  of  a  working  i:now  led<;,-  of  road  and  street  pave- 
ment values;  and  to  those  <dd  in  service  who  do  not 
i'eel  that  they  already  liave  a  sntVicientlv  comiirelien- 
sive  jrrip  upon  this  side  of  the  sid).ieet. 

Xo  atteifipt  is  made  in  this  aiticle  to  iid'orm  the 
reader  how  to  \i\\  a  vrivfn  paxemeni  propei-ly.  That 
.job  is  left  foi'  tlie  conipetent  iJaviny  enicineei-  and 
eheirnsf  wiio  ari'  emjiloyed  for  the  pai'tieular  woriv.  and 
who  siiould  be  considted  freipieiitly  when  layiny;  a 
paveiiu'iit  in  onlei'  that  the  fiehl  men  may  not  tr<> 
w  roller  ill  matters  of  toidiiii(\nl  importance.  Values 
only  ail'  discussed  herein:  values,  from  the  public's 
I  1  ihl  of  view. 


The  reader  is  not  m'  ..  lo  accept  the  author's 
opinions  and  conclusions.  They  are  offered  to  him  as 
a  starting  point  only,  from  which  he  can  do  his  own 
reasoning  and  draw  his  own  conclusics.  ff  the  ..a- 
.ler's  <-oi.<-lusio.,x  „fr,.,...  „itl.  ihr  ;,.ifh„rs.  w.-ll  „m,| 
Kood;  if  (h.-v  .to  not,  flir  mnl...  uill  ;,t  |,.-,st  have  beii..- 
Htted  hy  liavin^r  .•onsi.|...e,|  t.      sev.  ,.,i  itruis  of  valiir 

il.a;  the  author  has  lisf.-.l  for  hi.s  .•..v.m... an.l  h.- 

will  know  why  ,M..I  at   what   points  t,..-  .lisa^^r n.n.s 

oi-i\'\:  an.l  their  relative  imporfanee. 

It    is.   of   .-oiirs...    iin.l..rstoo<l    hv    the    anthor   that 

...any  who  an-  !!  v.-rs.-.l  i„  the  paving  in.-lustrv  will 

Hi.safrree  wit!  .  •■ ;  son.e  from  honest  an.l  ;  ,,nf1n'ene..(l 
<-onviet,o„s.  ..,  ,,  s  heeanse  of  the  eeonomie  pressure 
of  th.-.r  pos.n.ms  in  th.-  in.lnstry  oporatin^r  upon  their 
•'on.seious  ..r  snheonseions  niin.is  or  hofh.  The  pages 
of  tl...  tia.l.'  journals  will  l,e  fonn.l  open  to  tn.-se  par- 
tie.s.  an.l  as  far  as  it  is  in  the  author  s  power.  In-  will 
|«'|>I.V  to«ny  eritieisMi  of  a  friendly  nature. 

Basis  of  Author's  Knowledge. 

The  author  l.,.|ieves  that   in-   is  .......p.-tenl    lo  sav 

«  few  words  on  the  suh.jeet  of  roa.l  an.l  stn-et   paviu" 
e.-.)noiny,aiHl  for  th.-  following  reasons: 

As  a  youth,  h.-  trr.-w   up   in   a   str.-et   paving  en- 
v..o,Muent.  listening    to    ,nueh    learne.l    ami    practieal 
d.s.-ussi..n   of  the  sul,j..et   .,„   the  parts  of   his   father 
g.-an.lfather.  oth.-r  relativ.^s.  and  their  friends,  uearlv 
«ll   of  whom   wer..  nion-  or  I.-ss  pron.inentiv  engag..d 
•>.  the  paving  in.lnstry.  eovering  all  its  vari.-.l  l,raueh.-s. 
As  a  young  man.   he   pass.-.|   through   all    th.-  .lif- 
''■'■'■".t  stag.-s  ..f  pra.-ti.ai  training  from  tim..-keeper  to 
M.i).-rn.t,-n.lenl.  ha.l  ..Np,.ri..n.-..  in  ev.-ry  hraneli  of  the 
trade  from   prom.iti.-n   to  manage-M.-nt.  an.l   later  laid 
about    on.-    hundre.l    tlu.usand    s.|ua.-..    vards   of   ,,ave- 
•  nent    surfa.-.-    in    an.l    aroun.l    X.-w    V.,rk    Citv.    at    a 
pi-ofit,  as  an   in.l.p..ii.l..nt  eontra.t.ir. 

Krom    August     .Xin.-f.-.-n-f.-n    (o  th.-  e,,,!   of  Nn..-- 

ti^en-elev-n.    he   s.-rved    as    Superint.-, nt    ..f    St t 

(-on.st.ruct ion   an.l   Kepair  ..f   th,-   Citv   of    Milwauk,-.- 
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•during  which  period  about  one-half  million  square 
yards  of  pavements  were  contracted  for  and  about 
one-half  of  that  amount  was  completed,  besides  which 
about  one  hundred  thousand  square  yards  of  repairs 
and  resurfacings  were  done  by  direct  employment 
and  with  city  equipment. 

During  Niueteen-twelve  and  Nineteen-thirteen, 
the  author  served  as  ('ommissioiior  of  Public  Works 
of  Schenectady,  New  York,  where  about  one  hundred 
and  fifty  thousand  s(iuare  yards  of  paving  were  con- 
tracted for  in  Nineteen-thirteen,  and  mostly  complet- 
ed; besides  which  a  considerable  amount  of  repairs 
and  resurfacings  were  made  by  direct  employment, 
including  ten  thousand  square  yards  of  modern  im- 
proved granite  block  wearing  surface  four  inches  in 
thickness  that  was  made  by  taking  up  five  thousand 
square  yards  of  large  granite  block  surface,  splitting, 
dressing  and  relaying  th*  new  blocks  into  a  mortar 
bed  upon  a  four  inch  wet  concrete  foundation,  thereby 
forming  a  monolithic  pavement  consisting  of  concrete 
bottom  and  granite  block  top. 

In  the  case  of  neither  city  was  the  appointment 
made  for  political  reasons.  Each  city  was  facing  a 
serious  paving  problem  and  needed  a  practical  paving 
man  for  the  job.  In  Schenectady,  the  author  had.  of 
course,  much  other  public  work  to  do  besides,  paving 
being  but  an  important  incident  to  the  position. 

Again  back  in  the  business  as  a  paving  contractor, 
the  winter  of  Nineteen  fifteen-sixteen  found  the  author 
for  the  first  time  with  the  opportunity  to  begin  writ- 
ing the  conclusions  at  which  he  has  arrived  as  a  result 
of  this  ex[)erience. 

Since  the  first  of  July  Nineteen-sixteen,  the  author 
has  been  a  iiieniber  of  the  staf¥  of  the  Milton  Ilersey 
Company,  a  firm  of  engineers,  industrial  eheiiii.sts  and 
inspectors  with  laboratories  and  offices  at  Montreal, 
Winnipeg  and  New  York,  his  principal  work  being  the 
direction  of  their  road  and  street  paving  department. 

One  of  the  most  important  works  that  the  above 
firm  has  been  required  to  perform  in  the  pavinw  field 
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was  when  called  upon  last  season  by  Mr.  Paul  E.  Mer- 
cier,  Chief  Engineer,  and  the  Board  of  Control  of  the 
City  of  Montreal,  to  investigate,  direct,  inspect,  make 
tests  for,  and  report  upon  the  efficiency  and  practical 
economy  of  the  large  asphalt  paving  industry  that  the 
City  owns,  in  particular,  and  upon  the  entire  paving 
situation  in  the  City,  in  general. 

It  is  upon  the  foregoing  work  and  experience,, 
and  the  large  amount  of  investigation  growing  out  of 
it,  that  this  treatise  is  principally  based.  Tt  is  offered 
to  the  reader  for  what  he  may  find  it  worth ;  with  the 
earnest  wish  that  it  may  be  of  real  assistance  to  him 
in  connection  with  his  public  service. 

The  Breadth  of  the  Subject. 

It  has  wisely  been  said  that  the  three  greatest 
needs  of  an  enlightened  people  are  good  laws,  good 
schools  and  good  roads. 

The  subject  of  this  discourse  falls  under  the  gen- 
eral head  of  good  roads. 

The  family  of  Roads  is  a  very  broad  one.  It  in-, 
eludes  all  the  various  means  of  transit;  the  railroads, 
the  steamboats,  the  street  railways,  the  telephone  and 
telegraph,  the  postal  service,  and  the  other  systems 
that  afford  us  our  ways  and  means  of  intercommuni- 
cation, just  as  much  as  it  includes  our  city  streets  and 
county  highways  and  byways.  The  news  service  or- 
ganizations also  properly  belong  to  this  great  family, 
for  these  are  but  the  channels  through  which  we  re- 
ceive our  knowledge  of  current  events. 

In  considering  our  road  and  street  paving  ques- 
tion, we  are  but  studying  the  local  side  of  one  branch 
of  the  great  family  of  Roads;  namely,  the  construction 
and  maintenance  of  suitable  and  serviceable  wearing 
surfaces  upon  our  own  city  streets  or  rural  high- 
ways. And  insignificant  though  the  paving  question 
may  seem  when  considered  in  its  relation  to  the  entire 
subject  of  roads,  it  is  still  a  matter  of  very  great  im- 
portance to  the  comfort  and  welfare  of  each  of  u» 
living  in  a  well  populated  community. 
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The  Line  of  Its  Study. 

Tlicic  jiK'  two  fo-ri'liitfil  viewpoints  trom  wliirli 
our  roiid  iiiid  street  paviiifi  piohleiii  must  be  studied. 
First,  we  wish  a  servieeable  ami  desirable  paveuieiit 
surface  inaintained  for  our  use,  uot  only  upon  a  few 
of  our  roads  and  streets  some  of  the  time,  l»iit  ui>ou 
all  of  them  all  of  the  time.  Second,  we  must  secure 
the  foregoing  desired  residt  at  a  cost  that  is  well  with- 
in our  means  of  the  present  and  our  jtrospects  of  the 
immediate  future. 

The  real  paving  (piestion  is  how  we  can  originally 
eonstruct  and  permanently  maintaiu  upon  all  of  our 
country  roads  and  city  streets  at  all  times  a  serviee- 
able and  desirable  pavement  surface  at  a  cost  for 
original  pavement  construction  and  permanent  pave- 
ment maintenance  that  will  neither  spell  confiscation 
to  the  small  abutting  home-owner  in  his  s[ieciai  assess- 
ment taxes  nor  bankruptcy  to  the  general  public  fund 
in  bond  redemptions  and  interest  and  in  current  bud- 
get taxation. 

In  attempting  to  select  the  most  satislactory  and 
economical  i)avemcnt  to  lay,  we,  of  course,  must  not 
start  out  with  the  idea  of  finding  a  perfect  pavenunit; 
for  pavements,  like  men,  all  have  tiu'ir  faults.  We 
should  go  about  the  purchase  of  oui'  road  aiul  street 
l)avements  just  as  w'  go  about  any  other  good  pur- 
cha  ,e;  seeking  the  l»est  value  for  the  money,  all  things 
carefully  considered 

What  Features  are  Desirable. 

The  special  featines  in  the  wearing  surface  of  a 
pavement  that  are  most  desirable  fi-om  the  physical 
point  of  view  are  that  the  surface  presented  for  use 
be  smooth,  eleaidy,  .sanitary,  dustless,  noiseless,  iH)n- 
slippeiy,  easy  of  traction,  easy  to  construct,  easy  to 
repair  and  renew,  susceptible  to  repair  and  renewal, 
susceptible  fi.  constant  use.  and  attractive  to  the  eye. 

The  desirable  features  in  a  pavement  from  the 
point  of  view  of  economy    are    that    it    be    originally 
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constructed  at  a  iniiiiinuni  cost,  that  its  wearing  sur- 
face be  pernianentiy  maintained  in  a  serviceable,  sani-, 
tary  and  desirable  condition  at  a  ininiinnni  cost,  and 
that  it  be  trafficked  at  a  tnininiuni  cost  for  motive 
power  and  vehicular  upkeep. 

Under  the  headirifr  of  <■<  ononiy  must  also  be  con- 
sidered very  carefully  the  important  items  of  home 
industry  and  the  possible  extent  of  municipal  control 
and  ownership  of  the  production  of  the  pavement; 
two  items  that  seem  not  to  have  received  any  con- 
sideration at  all  in  most  of  our  cities  up  to  the  present 
time,  though  they  are  of  vital  importance  to  those  who 
must  pay  the  pavement  bills. 

Wherein  Pavements  Differ. 

It  is  in  their  wearing  surfaces  mostly  that  modern 
pavements  differ,  both  as  to  their  physienl  and  their 
economic  characteristics.  Indeed,  for  purposes  of 
comparison,  we  need  liardly  consider  the  foundations 
at  all,  for  practically  every  new  pavement  of  a  substan- 
tial nature  is  being  laid  upon  a  standard  six-inch  thick 
and  approximately  one-three-six  mixture  Portland 
cement  concrete  foundation. 

The  only  real  difference  in  the  concrete  founda- 
tions for  one  pavement  or  the  other  is  in  the  cost  of 
excavating  or  filling  a  greater  or  a  Ics.ser  depth  to 
establish  the  proper  subgrade,  which  fact  usually  mili- 
tates against  the  block  surface  class  of  pavements  with 
its  greater  thicknesses  of  wearing  surfaces.  This  dif- 
ference in  the  cost  of  regulating  and  grading  will  run 
from  about  one  cent  minimum  to  about  four  cents 
maximum  per  inch  of  thickness  of  the  pavement,  and 
it  will  probably  average  about  two  cents  per  inch. 

Pavement  Foundations. 

The  character  of  the  foundation  that  is  proper 
for  modern  pavements  is  a  luatter  upon  wiiich  there 
is  but  slight  disagreement.  While  there  may  be  and 
are  many  differences  of  opinion  as  to  which  i.s  the  most 
economical  and  desirable  wearing  surface  for  the  pave- 
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ment,  there  are  hardly  any  who  do  nov  recognize  the 
standard  six-inch  thick  and  approximately  one-tliree- 
six  mixture  Portland  cement  concrete  foundation  as 
the  most  economical  and  suitable  base  for  all  pave- 
ment surfaces  of  both  classes.  In  some  special  cases, 
thinner  concrete  foundations  have  been  employed  suc- 
cessfully, and  in  other  cases  hard  old  Telford  macadam 
pavements  have  proved  sufficient  foundations  for  very 
good  wearing  surfaces. 

A  wearing  surface  laid  upon  a  foundation  that  is 
not  sufficient,  of  whatever  character  that  foundation 
may  be,  can  hardly  be  termed  a  pavement  at  all,  and 
certainly  it  is  a  waste  of  money  to  lay  a  good  wear- 
ing sur/'ace  upon  a  defective  base.  It  is  also  a  waste 
of  money  to  make  the  concrete  foundation  of  a  pave- 
ment any  more  costly  than  is  really  necessary,  either 
by  increasing  its  thickness  or  by  unduly  enriching 
the  mixture.  It  is  more  economical  to  make  a 
thorough  examination  of  the  foundation,  and  then 
to  have  a  few  sinkages  in  spots  representing  a  very 
small  jx'reontuge  of  the  total  area  of  the  pavement 
surface,  and  repair  them,  than  it  is  to  inrr-ease  the 
cost  of  each  square  yard  of  the  entire  surface  area 
just  to  avoid  possible  failures  in  such  spots  as  may 
escape  even  very  careful  inspection. 

Two  Classes  of  Surfaces. 

Taking  up  the  physical  properties  of  pavement 
surfaces  first,  we  find  that  llicy  readily  divide  into 
two  broad  classes,  into  one  or  tlie  other  of  which 
nearly  every  modern  pavement  surfacie  will  properly 
classify.  These  two  main  classes  are  the  small  unit 
l)lock  or  brick  surface  class  and  the  bituminous  sheet 
layer  surface  class.  The  latter  class  is  better  known 
as  that  of  the  asphaltic  surfaces,  the  bituminous  binder 
used  to  hold  their  mineral  particles  together  being 
in  most  cases  a  good  asphaltic  cemei 

The  noteworthy  exception  to  t  ,.  \bove  classi- 
flcatioii  is  the  hydraulic  eeineiit  ('on..„ce  pavement; 
and  the  asphalt  block  surfaces  are  very  much  inclined 
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in  nHM-jrc  into  the  sheet  Ijiyor  elass  under  moderately 
heavy  traffic  in  warm  weather.  It  is  often  found  more 
satisfactory  to  repair  old  asphalt  block  surfaces  with 
sheet  asphalt  surface  mixtures. 

In  tlio  first  ela.ss  of  surfaces  fall  the  granite 
bloek.  sandstone  block,  creosoted  w  <od  block,  vitrified 
brick  or  block,  asphalt  bloek,  ..nd  ill  other  pavement 
surfaces  that  arc  made  up  of  many  small  unit  blocks  to 
the  square  yard.  Tn  the  bituminous  sheet  layer  sur- 
face class  are  found  sheet  asphalt,  stone-filled  sheet 
as|)lialt.  asphaltic  concrete,  asphaltic  macadam,  and 
all  those  proprietary  forms  of  bituminous  or  asphaltic 
concrete  and  macadam  that  operate  under  letters 
patent.  cof>yrighted  trade  names,  and  other  forms  of 
protection  against  competition. 

Thickness  of  Wearing  Surfaces. 

Ft  is  of  no  value  to  have  pavement  surfaces,  or 
their  foundations  either  for  that  matter,  any  thicker 
than  actually  required  to  prevent  traffic  from  crush- 
ing through;  due  attention  being  paid  to  weakening 
of  foundations  from  badly  filled  trenches  and  the 
consef|uent  necessity  of  some  form  of  arch  to  carry  the 
load  above  such  soft  spots.  Of  course  some  pavement 
surfaces,  because  of  their  nature,  must  be  built  thicker 
than  others,  but  this  additional  thickness  adds  not  at 
all  to  their  eoinparalive  values. 

Pavement  surfaces  do  not  in  the  ma.iority  of 
cases  wear  out  because  of  the  volume  of  traffic  that 
passes  over  them:  and  even  where  the  traffic  is  so 
heavv  that  a  ia[)id  wearing  iloes  occur,  the  uneven- 
ness  that  develor'  inider  such  traffic  always  requires 
a  resurfacing  loi,  .nie  any  additional  thickness  over 
tlios,'  now  in  use      luld  avail. 

Tt  is  an  interesting  trueism  that  the  only  part  of 
the  |.av<Miient  that  .-an  actually  hr  used  is  the  top 
surface,  and  our  entire  interest  is  in  the  ways  an<l 
means  of  maiutainiug  tiiat  top  surface  area  in  the 
serviceable  and  desii-able  condition  in  which  we  wish 
to  have  and  to  use  it. 
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The  Physical  Points. 

The  special  features  in  the  wearing  surfa<!e  nf  a 
pavement  tliat  are  most  (lesiral)le  frotn  the  physi<-!il 
|»oint  of  view,  as  stated  before,  are  the  followintr: 

1.  .-Smoothness,    See    Pap-     Hi 

2.  Cleanliness 17 

3.  Sanitation,   IS 

4.  Dustlessne,ss,    IS 

5.  Noisol(>ssness,    If) 

6.  Non-slipperiness,    20 

7.  Ease  of  traetion,   2'> 

H.     Ease  of  construetion,   25 

9.     Ease  of  repair  and  renewal 2<) 

10.  Susceptibility  to  repair  and   renewal     27 

11.  Susceptibility  to  constant  use 28 

12.  Attractiveness  iof  appearance 20 

The  Points  of  Economy. 

The  main    points    that    cnler    into    tin'  financial 

economy  of  a  pavement  surface,  as  broadly  ,(»vcred 
in  a  former  parap:raph,  are  the  follow-   g: 

1      Cost  of  construction See  Pape  '.\(\ 

2.  Cost  of  repair,  40 

3.  Cost  of  renewal 41 

4.  Cost  of  permanent  maintenance 51 

5.  Cost   of  cleaning 44 

6.  Cost  of  motive  jmwer  to  traffic 46 

7.  Cost  of  resulting  vehicular  upkeep.  . .  47 

8.  Extent  of  home  industry  involved,   .  .  48 

9.  Possible  control  of  production, 50 

10.     Durability,  relati>.iy  considered 42 

Smoothness  of  Surfaces. 

The  bituminous  sheet  layer  class  of  surfaces,  laid 
in  a  continuous  operation  at  a  temperature  far  above 
that  of  the  atmosphere  and  then  rolled  with  heavy 
coirtpressing  and  surfacing  rollers  until  they  have 
recMved  their  initial  temperature  .ret.  and  having  no 
joints  except  those  carefully  welded  ones  that  mark 
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tl...  progr-ss  or  ;.  s  work,  are  ncM'ssaril  v  sii.ootlior 

ihiiu  the  sMiall  unit  block  class  of  sui-la.-es  that  arc  laid 
1).v  hand,  of  blocks  that  l.avc  slightl.v  varying  thick- 
nesses and  that  p.ivc  many  luiits  to  the  s(|iiaie  yard. 

l!i  passing  .(uiekly  ovr  .-v.-n  the  smoothest  block 
M.rtaces  in  an  iron  tired  vehicle,  a  vibration  or  tremor 
IS  very  <listinctly  noticeable  that  is  not  tioticeable  at 
»\\  m  passinjj  over  w.-ll  laid  bitnminous  sheet  layer 
Mirfaees;  and  as  the  block  surfaces  become  oldtir,  this 
tremor  .leveb.ps  into  m.Mv  and  ever  more  objectionable 
proportions,  until  in  their  last  stages  it  is  a  i.ositive 
dis.-omtort  to  j.ass  over  such  surfaces  <„,  rubber  tires, 
and  sometimes  even  on  piieuirmtics. 

Of  course,  bituminous  sheet  layer  surfaces  can  be  so 
neglected  that  they  become  worse  than  country  roads, 
but  there  is  no  possible  excuse  for  such  neglect.  An.v 
"Id  bituminous  surface  in  reasonable  repair  is  {prac- 
tically as  smooth  as  when  new,  vliij,.  ^vith  the  block 
chiM  of  surfaces  the  roughness  that  develops  with  age 
IS  of  a  general  juiture  not  susceptible  to  any  successful 
repair  short  of  a  complete  and  costly  resurfacing  with 
once  turned  or  rccut  blocks  or  with  new  materials. 

Cleanliness  of  Surfaces. 

For  the  reason  that  tliey  present  smooth  and 
.ionitless  traflFic  areas  composed  of  stone  and  sand  par- 
ticl..s  eementcl  together  with  bituminous  cement  the 
b.tumnious  sheet  la.ver  surfaces  ar,-  the  most  cleanlv. 
They  neither  have  nor  develop  a  multiplicitv  of  .ioints 
iind  crevi(  ;  to  "ollect  and  hold  the  stivet"  <lirt':  and 
hcing  the  .isiest  and  cheapest  surfaces  to  clean  and 
keep  clean,  they  are  usually  found  in  a  more  satisfac- 
tory condition  of  cleanliness  than  the  others. 

Wer,.  it  not  for-  the  nuisance  incident  to  the  use 
of  the  horse  as  a  motive  power  on  the  streets  of  our 
<'ities,  and  the  fact  that  in  most  cities  all  our  side 
streets  are  not  paved  and  the  mud  from  these  dirt 
roadways  is  tracked  upon  the  paved  streets,  it  would 
he  a  comparatively  easy  matter  to  keep  anv  type  of 
onr  modern  street  pavement  surfaces  in  a  pleasingly 
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clean  condition  at  all  times.  Uncleanliness  ia  not  a 
difficulty  experienced  to  any  great  extent  on  paTMl 
rural  highways. 

Sanitation  of  8nr*-ic«i. 

The  factors  that  make  for  the  potential  cleanliness 
of  a  road  and  street  surface  will  also  operate  in  ^U 
favor  with  the  sanitarian.  The  same  smoothness  and 
freedom  from  joints  that  mike  the  bituminous  sheet 
layer  surfaces  the  easiest  to  clean  and  keep  clean  also 
render  them  the  most  satisfactory  of  road  and  street 
surfaces  from  the  sanitary  viewpoint.  Joints  in  a  pave- 
ment surface  are  but  harboring  placpr  for  filth  and 
germs,  and  the  fewer  of  them  to  be  found  in  a  gives 
type  of  surface,  the  more  acceptable  that  type  of  sur- 
face m  St  be  considered,  other  factors  being  equal, 
when  sanitation  is  bein^  discussed. 

There  is  but  one  type  of  pavement  surface  that  is 
subject  to  possible  criticism  by  the  sanitarians  because 
of  the  material  that  enters  into  its  composition,  and 
that  type  is  the  creosoted  wood  block  surface.  All 
others  are  composed  of  matter  of  a  mineral  nature  and 
are  not  subject  to  a  breaking  down  process  that  can 
make  them  undesirable  from  a  health  viewpoint;  but 
the  creosoted  wood  block  surfaces,  once  the  saving 
grace  of  the  creosoting  oils  has  been  wholly  or  partly 
carried  away  by  the  elements  operating  upon  the  sur- 
face, can  be  expected  to  furnish  some  trouble  on  this 
score.  We  all  know  how  objectionable  the  old  dipped 
round  cedar  block  pavement  surfaces  became  in  their 
old  age ;  and  they  did  not  have  to  be  very  old  either. 

Dtistlessness  of  Surfaces. 

Cleanliness  and  dustlessneas  are  partners.  A  clean 
street  is  also  a  dustless  street ;  and  therefor  there  is  no 
excuse  for  excessive  dustiness  in  our  modern  cities  or  on 
our  modem  paved  highway.  Of  course,  as  long  as  we 
maintain  dirt  roadways  and  unoiled  waterbound  ma- 
cadam surfaces  on  the  side  streets  in  our  cities,  we  will 
have  dust  in  unbearable  abundance ;  and  there  is  room 


i 


for  iiiitfli  more  care  in  tlic  regulation  of  Vfliiclcs  that 
to-ilay  M'ciii  not  at  all  fonctMiicd  if  they  spill  a  part 
of  their  loads  along  the  thoroughfares.  But  the  moil 
eiM  pavement  surfaecs,  unless  it  he  those  of  ('(inert  te 
pavements  without  bituminous  lop  (Iressins^.  will  no' 
create  any  ai)preciahle  dust  of  themselves;  and  all  are 
susceptible  to  econoinieal  and  thorough  eleanini:  \>\ 
the  power  flushing  process. 

The  only  rea.son  that  the  bituminous  sheet  layer 
surfaces  may  claim  an  advantage  on  the  point  of  dust- 
lessness  is  that  they  are  easier  and  cheaper  to  clean 
and  keep  elean  than  any  other  modern  road  or  street 
pavement  surfaee:  for  when  clean,  all  the  modern 
pavenu'nts  are  practically  dustless. 

Noiselessness  of  Surfaces. 

The  entire  class  of  bituminous  sheet  layer  surfaces 
and  the  creosoted  wood  block  .surface  lay  claim  to 
being  noiseless.  This  factor  was  one  of  the  best  talk- 
ing point,  when  asphalt  surfaces  were  originally  in- 
troduced at  the  hi^h  pri,-es  t.'iat  then  prevailed.  The 
other  block  surfaces  are  all  open  to  very  serious  objec- 
tion on  this  score,  especially  after  a  few  years  wear. 

Creosoted  wood  block  surfaces  are  ..ossibly  a  little 
less  noisy  when  they  an  new  and  smooth  than  the 
bituminous  sheet  layer  surfaces,  though  the  difference 
is  of  slight  degree.  The  plea  for  the  use  of  creosoted 
wood  block  surfaces  upon  our  city  street!-  because  of 
their  noiselessness  would  be  a  strong  one  were  it  not 
for  the  fact  that  sheet  asphalt  and  stone-filled  sheet 
asphalt  surfaces  are  so  nearly  as  noiseless  that  the 
difference  could  not  be  worth  more  than  a  few  cent's 
per  stiuare  yard,  while  the  latter  surfaces  have,  as 
elsewhere  noted  herein,  a  tremendous  preponderriuce 
of  other  factors  in  their  favor. 

Bituminous  sheet  layer  surfaces  are  more  noisy  in 
winter,  when  windows  are  down,  than  they  are  in  sum- 
nu-r,  when  windows  are  up  and  the  noise  would  be 
more  objectionable.  This  is,  of  course,  due  to  the 
temperature  set  of  bituminous  surfaces,  for  which  rea- 
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SOU  a  drop  in  tli.'  tlifiinoiii.-tcr  is  m  .(nupamed  Uy  a 
hardening  of  the  siiriacc  that  iiiakis  tl>e  dick  of  a 
horse's  shoe  wry  sharp  in  wiiitt-r,  while  a  warmer 
temperature  deadens  it. 

When  the  creosoted  wood  bJo^k  surfaces  swell, 
there  is  apt  to  be  a  rumble  as  loads  pass  over  thfi.i 
that  is  not  altogether  pleasing,  especially  as  this  occurs 
at  the  time  windows  are  opened  because  of  warm  wea- 
ther. The  swelling  of  the  wood  causes  a  slight  raisi 
of  the  wood  block  surface  frrm  its  bed,  making  a  sort 
of  drum  head  of  it. 

None  of  the  bituminous  sheet  layer  surfaces  nor 
the  creoso*;ed  wood  block  siii-faces  can  be  said  to  jjive 
forth  seriously  annoying  sounds  from  the  impact  of 
the  wheel  or  from  the  jouncing  of  the  load,  but  these 
are  the  principle  causes  of  the  very  objectionable 
racket  created  by  a  heavy  load  on  iron  tires  passing 
over  any  of  the  other  suifaces  in  the  block  class.  Even 
a  load  on  rubber  tires  will  croate  quite  a  noise  from 
jouncing  in  pa.ssing  over  the  other  block  surfaces. 

Non-slipperiness  of  Suifaces. 

The  same  pavement  surfaces  that  justly  lay  claim 
to  being  the  .smoothest,  cleanest,  most  sanitary,  dust- 
less  and  noiseless,  may  be  just  as  surely  credited  with 
being  the  most  sl^npery;  and  for  the  same  rojison  of 
smoothness  o*  surface  that  gives  to  them  most  of  the 
above  enumerated  virtues.  Of  coinsc.  in  in'u-  wc.-tlicr. 
when  all  pavement  surfaces  arc  dry,  none  of  tlu'in  iiie 
slippery;  though  the  glaze  on  certain  types  of  Inick 
surfaces  when  they  are  new  and  on  certain  types  of 
granite  block  surfaces  when  they  are  old  ami  tlie 
blocks  rounded  and  polished  from  traflFic  an-  some- 
times distinctly  annoying. 

When  brick  surfaces  are  in  good  condition  jind 
the  joints  not  chipped  off  in  the  least,  they  aic  fihoiit 
as  slippery  in  wet  or  frosty  weather  as  are  the  bitu- 
minous sheet  layrr  surfaces;  but  as  comparatively  few 
of  the  brick  surfaces  that  are  subjected  to  any  con- 
iderable  traffic  remain  for  very  long  in  that  condition, 
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most  of  them  give  a  fairly  good  foothold  or  tirehold 
hcpause  of  the  crevices  formed  by  the  joints  between 
thi'  small  unit  blocks. 

We  may  therefor  safely  say  that  in  moist  or  f losty 
weather,  the  bituminous  sheet  layer  surfaces.  l»o<aiisc 
of  a  superior  smoothness  tha  is  in  all  other  respects 
ii  virtue,  are  more  slippery  than  any  of  the  block  sur- 
faces except  the  creosoted  wood  block,  which,  rivaling 
the  bituminous  sheet  layer  surfaces  to  some  extent  in 
the  matter  of  smoothness,  and  therefor  in  all  the  points 
of  virtue  growing  therefrom,  are  still,  because  of  their 
fibrous  nature  in  conjunction  with  their  smoothness, 
by  all  odds  the  most  slippery  street  pavement  surfaces 
known  to  modern  time? 

It  would  seem  tii^„  rhis  one  feature  of  excessive 
slipperiness  in  creosoted  wood  block  surfaces  would 
fully  balance  the  feature  of  superior  noiselessness  ^s 
compared  to  the  bituminous  surfaces. 

It  may  be  said  that  most  of  th?  slipperiness  of 
pave  .!ents  is  due  to  moisture  making  a  seu^  of  the  fine 
particJet  of  dust  and  trash  that  accumulate  on  road 
and  street  pavement  surfaces;  this,  of  course,  being 
pat-nfly  more  dangerous  on  the  smooth  surfaces  than 
on  rhe  lougher  ones,  and  on  a  fibrous  surface  as  com- 
Dared  to  a  granular  one.  Most  of  this  difficulty  will 
disappear  with  the  passing  of  our  old  friend  Dobbin 
from  the  principal  city  streets  and  paved  highways. 

Th'i  Passing  of  the  Horse. 

In  planning  for  the  future  pavement  surfaces  it 
ics  not  scum  necessary  to  give  very  weighty  con- 
sideration to  the  needs  of  the  horse.  lip  is  a  fast  dis- 
appearing fjic{.,r  from  our  city  life,  and  the  cheap 
tiuiii  tractor  has  given  notice  that  his  days  are 
numbered  even  in  the  country.  It  is  safe  to  estimate 
iliiit  in  ten  years  one  will  seldom  see  a  horse  on  the 
public  highway. s.  aud  in  twenty  year.s  many  of  us  inav 
be  taking  our  grandchildren  to  the  menageries  to  see 

once  beloved  friend  and  daily  companion. 

The  next  step  will  be  for  some  enterprising  young 
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city  father  to  rise  in  the  city  council  chamber  to  offer 
a  resolution  reading  to  the  effect  that,  for  reasons  of 
public  health  and  sanitation,  on  and  after  a  certain  date 
all  horses  shall  be  debarred  from  the  city  streets ;  and 
it  will  be  so  ordained,  and  enforced. 

If  this  s»'oins  an  cxtrenip  view,  one  has  only  to  look 
iiac'k  the  period  of  ten  yean,  when  the  automobile  was 
not  a  very  great  factor  on  our  roads  and  streets,  next 
consider  that  more  than  fifty  percent  of  the  traffic  on 
our  streets  to-day  is  automobiles,  and  then  contemplate 
the  tremendous  inoinentum  the  industiy  of  automobile 
Manufacture  baa  now  developed,  and  taat  it  is  still 
gathering  apeed. 

It  would  be  no  argument  if  there  were  more  horses 
on  our  roads  and  streets  to-day  than  there  were  ten 
years  ago;  though  such  is  not  the  case.  The  percent- 
age the  horse  bears  in  the  total  traffic  figures  is  what 
counts.  He  is  gradually  being  competed  out  of  exist- 
ance  by  the  mechanr'jal  wagon,  and  the  name  of  his 
worst  enim,   '3  Henry  Ford. 

Njr  is  it  an  argument  to  point  to  the  fact  that 
some  large  concerns,  after  disposing  of  their  horses 
and  installing  automobiles  for  their  heavy  hauling, 
have  now  disposed  of  the  automobiles  and  are  going 
back  to  liorses.  That  fact  merely  proves  that  at  the 
time  automobiles  were  too  expensive  to  maintain  and 
not  sufficiently  reliable;  but  invention  and  manufac- 
turing efficiency  will  soon  overcome  those  objections, 
and  these  same  firms  will  again  find  it  good  policy  to 
scrap  their  horses  and  buy  more  modem  and  more 
economical  automobiles. 

The  passing  of  the  horse  is  of  no  little  consequence 
in  the  selecting  of  the  type  of  pavement  surface  to  lay. 
His  going  will  give  us  less  noisy,  cleaner,  more  sani- 
tary, less  dusty  and  less  slippery  streets.  Moreover,  it 
will  be  tirehold  and  not  foothold  that  will  roncern  us ; 
and  the  scum  making  trash  being  absent,  armed  with 
the  knowledge  that  clean  surfaces  are  not  slippery 
even  in  wet  weather,  we  will  be  inclined  to  select  the 
smoother  pavement  surfaces  for  our  roads  and  streets. 
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lu  case  any  one  still  has  .joiibts  as  to  what  is  going 
to  happen  to  the  hoiso  as  a  fa.tor  in  tratfit-.  the  fol- 
lowing automobile  prodiiction  ciirvi'  is  given  to  relieve 
his  mind  on  that  score  and  to  set  him  straight. 

Automobile  Production. 

Xurnhor  of  cars  niaiiiifacfiired  \wr  annum. 
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After  examining  the  above  chart,  one  innocently 
wonders  how  long  it  will  be  before  the  curve  will 
merpe  into  a  straight  line  pointing  upwards. 

Ease  of  Traction. 

Tlie  matter  of  smoothness  largely  governs  the  ease 
with  which  a  load  may  be  drawn  over  a  pavement  sur- 
face, ^le  bituminous  sheet  layer  class  of  surfaces 
would  therefor  se.-in  to  afford  the  .-asiest  traction;  and 
except  in  warm  weather,  there  is  no  question  but  that 
they  do.  However,  w  must  take  into  consideration 
the  difficulty  that  is  expcii.nced   in  drawing  a  heavy 
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load  over  a  standard  sand  mixture  sheet  asphalt  sur- 
face in  very  warm  summer  weather  because  of  the 
sinking  of  the  wheels  into  the  softened  wepring  sur- 
face mixture.  This  difficulty  has  no  practical  existance 
with  the  otlior  forms  of  bituminous  sheet  layer  sur- 
faces, except  slightly  in  the  most  intensely  hot  wea- 
ther: for  the  stones  in  the  bituminous  coiieretes  and 
macadams  give  them  much  greater  hardness. 

But  since  these  bituminous  concrete  and  bitumi- 
nous macadam  mi.xtures  made  with  large  size  stones 
do  not  withstand  heavy  city  traffic  as  well  as  standard 
sand  mixtuie..  many  cities  have  removed  this  difficulty 
of  the  sinking  of  the  wlieels  into  the  surface  on  warm 
days  by  the  incorporation  of  from  twenty-five  to  thirty 
per  cent  of  (|uarter  iiicli  liard  limestone,  trap  rock  or 
other  suitable  stone  chips  into  the  standard  sheet 
asphalt  paving  mixture,  thf^rcby  making  what  is  known 
as  a  stone-filled  sheet  asphalt  wearing  surface  mixture. 
These  stone  chips  range  from  one-half  inch  in  their 
greatest  dimension  down,  and  act  as  a  substantial  re- 
inforcement to  the  pavement  surface. 

The  stone  chip  reinforcement  described  above 
makes  the  sheet  asphalt  surface  slightly  more  gritty 
and  very  much  harder  than  the  standard  mixture  that 
was  used  almost  exclusively  for  so  many  years,  and 
this  is  accomplished  without  hardening  the  a.sphaltic 
cement  u.sed  therein,  or  increasing  the  dust  content. 

The  author  has  ii(>vei'  lieard  of  any  difficulty  being 
experienced  in  drawing  heavy  loads  over  stone-filled 
sheet  asphalt  wearing  surfaces  in  summer,  and  believes 
there  can  be  none  when  the  mixture  is  properly  ai.d 
scientifically  proportioned  and  made;  though  an  un- 
wise clieapening  of  the  mixture  would  make  it  soft, 
the  iuirdening  effect  of  a  full  amount  of  filler  is  vitally 
necessary  even  if  expensive. 

The  smootli  block  surfaces  are.  of  course,  quite  easy 
of  traction,  becoming  less  so  as  they  become  rougher. 
A  block  pavement  that  is  old  is  apt  to  be  sufficiently 
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Ease  of  Constxnction. 

There  is  no  type  of  pavein,-Mt  surface  that  an 
experienced  contractor  would  rather  lav  than  the 
bituminous  sheet  layer  surfaces.  Of  course,  if  a  man 
does  not  know  this  hranch  of  the  pavement  industry 
thoroughly.  1„.  can  not  successfully  construct  such  a 
surface:  but  to  the  well  infornied  workman  it  is  a  very 
satisfactory  process  to  both  manufacture  his  own  wear- 
ing surface  mixture  and  lay  it  in  place  on  the  same 
day.  oi»ening  it  to  traffic  at  once. 

With  the  block  class  of  surfaces,  the  c-ontractor 
must  purchase  the  small  unit  blocks  and  pav  therefor 
most  of  the  money  that  he  jrets  for  his  pavement  sur- 
face, he  must  then  unload  and  haul   these  small  unit 
blocks  to  the  street  and  there  re-unload  them  and  j.ile 
them  on  the  sidewalks,  after  which  he  ,nust  make  the 
bed  and  lay  the  blocks  in  it.  roll  „r  ra.n   then,,  and 
filially  fill  the  multitudinous  .joints  with  either  a  bitu- 
minous or  a  hydraulic  cement  tiller.    If  it  is  the  hitter 
he  must  apply  the  filling  an<l  then  blockade  the  mad- 
way  for  several  days  while  the  Portlan.l  .•ement   has 
tiine  to  acquire  a  firm  set. 

The  difficulty  about  laying  bituminous  sheet  laver 
pavement  surfaces  in  very  small  cities  is  the  expense 
of  moving  a  mixing  plant  to  the  lo.-ality  „f  the  work; 
but  this  can  be  largely  overcome  in  neiulv  all  eases  by 
an  intelligent  handling  of  the  matter,  arranging  to 
do  the  largest  possible  yardage  at  one  time  and  letting 
the  work  m  one  award  to  on,,  .-..ntractor,  so  that  the 
eost  of  moving  the  mixing  plant  can  be  spread  over 
as  many  s-iuare  yards  of  pavement  surface  as  possible 
and  the  unit  cost  be  kept  at  the  lowest  possible  figure 
consistent  with  good  workmanship. 

If  the  award  ol  all  the  pavement  surface  work  at 
one  time  and  to  one  contractor  can  not  otherwise  be 
accomplislud  according  t,,  law,  it  .-an  always  be  prac- 
tically effected  by  nuiking  it  a  condition  of  the  adver- 
tising of  the  work  and  the  receipt  of  proposals  there- 
for that  iinh-ss  one  contractor  shall  be  the  successful 
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bidder  on  at  least  a  fixed  luiiiiimuu  square  yardage 
that  will  make  tlio  work  worth  any  bidder  s  while, 
the  said  siieeessful  bidder  shall  have  the  option  of  with- 
drawing,' liis  j)i()j)osals. 

Ease  of  Repair  and  Renewal. 

Wli.ii  one  stops  to  consider  that  an  asphalt  repair 
fraiip'  can  travel  along  a  road  or  street,  cut  out  the 
defective  places  and  fill  them  with  new  material,  roll 
them  an<l  open  them  to  traffic  in  the  space  of  an  hour, 
in  the  case  of  the  bituminous  sheet  layer  surfaces, 
while  block  surfaic  pati-lics  must  i)e  slowly  and  pains- 
takiufrly  fitted  in  with  ..ithcr  new  or  old  blocks,  and 
if  cement  grout  is  used  for  ihe  joint  filler  must  then 
be  blockaded  for  several  lays  while  the  Portland 
cement  sets,  there  does  npt  seem  much  room  for  argu- 
ment on  this  !        t. 

While  the  bituminous  sheet  layer  surfaces  are 
decidedly  the  easiest  to  repair,  they  are  also  much 
easier  to  renew  than  any  of  the  block  surfaces.  A  sec- 
tion of  this  type  of  surface  can  be  torn  up  from  street 
intersection  to  street  intersection  and  either  relaid 
with  the  icmeited  and  remixed  old  materials  or  re- 
newed with  eiitiirly  new  materials  and  thrown  open 
Ini  traf^'ic  again  in  the  course  of  a  day.  Tiie  author 
does  not  kimw  of  any  other  pavement  surface  with 
which  this  can  be  couveniciitly  accomplished. 

In  this  case  again,  the  difficulty  of  securing  an  as- 
phalt mixing  plant  for  small  cities  enters  into  the  <iues- 
tioii.  though  the  prnhh-ni  would  seem  largely  to  be 
settled  by  tlH>  recent  manufactui'e  of  so  many  very 
efficient  small  capacity  asphalt  mixing  e(|uipments, 
some  of  which  will  cither  make  new  mixture  or  remclt 
and  remix  old  wearing  surface. 

Tn  the  case  of  cuts  made  through  the  |»avcmcnts 
by  plumbers.  {)ublic  service  corporatinns  and  city 
departments  to  get  at  the  subsurface  structures  of  a 
.street,  the  bituminous  sheel  layer  wearing  surface 
can  be  neatly  removed  in  sections  of  about  one-half 
or  one-(piarter  square  yard  area   and   piled  carefully 


fit  till-  side  of  the  road  ov  stict-l.  ami  when  the  woi'K 
tliat  made  llic  rt'iuoval  of  tlir  pavciiu'iit  iicc'ssaiv  has 
IxM-n  completed,  the  coiici'i-te  fomidation  can  !).■  restor- 
ed, and  these  sections  fitted  hai-k  into  i>lai'e  upon  the 
wet  concrete,  the  joints  plastered  i)|i  witli  the  suriuiis 
mortal-  from  the  concrete,  and  the  patch  opene<i  to 
traffic  as  soon  as  the  concrete  foundation  thereiiiKh  r 
and  the  mortar  joints  have  had  time  to  set  sufficiently, 
which  is  but  a  few  days. 

The  author  has  seen  repairs  of  this  type  made 
and  has  knoMn  them  to  last  for  years  on  streets  of 
mo.lerate  traffic,  until  in  fact  they  were  finally  taken 
lip  and  repaired  in  tlic  usual  way  lo  remove  the  un 
sightliness  of  the  cement  joints  that  offended  the  sen- 
sitive natures  of  some  ahutliny  property  owners. 

Susceptibility  to  Repair. 

It  has  often  been  said  that  a  brick  pavement  is 
new  until  its  surface  has  once  been  patched,  then  it 
is  old.  This  is  equally  true  of  ereosoted  wood  block 
surfaces.  Satisfactoi-y  repairs  can  not  be  made  to 
either  of  these  block  surfaces  unless  the  wf)rk  is 
done  as  an  exceptional  case  and  at  great  expense.  In 
practice,  the  author  has  never  been  able  to  se<'uic  a 
satisfactory  job  at  patching  brick  or  wood  block  sur- 
faces, even  when  employing  the  best  grade  of  work- 
men at  five  dollars  per  day  of  eight  hours,  and  it  is 
most  probable  that  the  <'xpeiience  of  others  has  been 
al)out  the  same.  Satisfactory  repairs  can  be  made  on 
granite  block  and  sandstone  block  surfaces  if  reas,,ii. 
able  care  is  taketi  in  fitting  back  the  blocks  and  lillin- 
llie  joints  with  I'ortland  or  bitumintuis  cement. 

As  any  reasonably  efficient  asphalt  patchini-  iran-.- 
can  repair  a  bituminous  layer  surface,  on  a  street 
where  there  is  sutTicient  trafl'i.-  to  weld  the  joint^.  in 
sui'h  a  way  that  it  is  quite  impossible  to  find  the 
|>atch  several  days  later,  it  is  obvious  that  this  class 
of  surfaces,  especially  the  sheet  asphalt,  is  the  most 
susceptible  to  repair  becaiiNC  of  the  <|iiickness  with 
which   the  operation   can   Ur   ac.omplished.    and    thu 
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sameness  in  api)eai-aiice  between  the  renewed  surface 
and  the  old  surface  where  they  join  at  any  point. 

Susceptibility  to  Use. 

This  depends  upon  tlie  time  required  to  lay,  le- 
pair  and  resurface  a  pavement,     and     the     iieeesLary 
frequency  of  the  repairs  and  renewals.     As  sliown  in 
discussing  the  ease  with  which  repairs  and  renewals 
<a.i   lie  made  to  the  diftVreiit  surfaces,  a   I)ituniinous 
sheet  layer  surface  can  be  either  patched  m-  renewed 
in  less  time  and  with  less  interference  Avitii   traffic 
tlmn  any  other  surface.     It  takes  considerably  longer 
to  make  the  block  surface  repairs  and  renewals  even 
where  sand  or  tar  and  gravel  joints  are  used,  and  if 
the  cement  grout  joints  are  employed,  the   i)atcli   or 
re-surfacing  must  then  be  blockaded  for  several  days. 
In  the  matter  of  the  frequency  with  whi<-li  repairs 
and    renewals    \.  ill    be    re(|uired    in    conipai  :il.i'    .  as.-s. 
it  is  difficult  t(.  point  to  any  definite  ditferen; c  be' ween 
the  creosoted  wood  block,  the  vitrified  brick  or  block 
and  the  bituminous  sheet  layer  surfaces,     it  is   the 
author's  opinion  that  creosoted  wood  block  and  sheet 
asphalt   surfaces   will   about    balance    honors   in    this 
respect,  and  leave  brick  in  second  running.     Granite 
block  undoubtedly  leads  by  a  safe  niaririn.  with  sand- 
stone block  a  tardy  second. 

Granite  block  surfaces  Avith  tar  and  ^r^avel  joints 
and  bituminous  sheet  layer  surfaces  of  the  sheet  asphalt 
variety  will  probably  divide  honors  evenly  in  the 
matter  of  their  susceptibility  to  constant  use.  the 
uianito  block  surfaces  rcfiuiring  less  fre-iuent  repairs 
and  renewals  and  the  .sheet  asphalt  surfaces  re.iuiring 
considerably  less  time  for  the  actual  making  of  the 
repairs  and  renewals. 

In  this  connection,  it  is  fair  to  mention  that  as  the 
granite  block  surfaces  and  the  vitrified  brick  surfaces 
become  aired,  usually  for  quite  a  period  precedin  , 
their  removal  and  renewal,  they  can  hardly  be  said 
to  be  susceptible  to  very  considerable  use,  for  traffic 
will  go  out  of  its  way  to  avoid  th  3eause  of  their 
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roughness.  This  is  not  true  of  the  bituminous  sheet 
layer  surfaees.  whieh  even  in  their  old  age  can  easily 
be  kept  in  a  condition  of  smoothness  that  will  be  satis- 
factory to  all  kinds  of  traffic. 

Lightness  of  Weight. 

The  matter  of  lightness  <  weight  is  not  included 
in  the  list  of  the  physical  fe.tures  that  are  desirable 
in  the  wearing  surface  of  a  .  Tvement  that  is  given  in 
a  former  paragraph,  for  the  reason  that  it  is  only  in 
the  selection  of  a  roadway  surface  for  some  few  bridges 
and  viaducts  of  very  light  floor  construction  that  this 
feature  can  properly  become  the  determining  factor. 
It  is  the  imp)rtant  factor  only  when  the  structure 
that  is  to  carry  the  roadway  is  of  so  light  a  nature 
that  wood  instead  of  eoncrete  is  to  be  used  for  the 
underflooring.  when  it  would  seem  that  creosoted  wood 
in  either  block  or  strip  form  is  about  the  only  logical 
pavement  surfacir"  material  to  employ. 

In  eases  where  a  ...  .^tantial  steel  and  concrete 
floor  construction  is  to  be  had.  there  does  not  seem 
to  be  a  sufficient  percentage  of  difference  in  the  total 
floor  weight  of  the  bridge  or  viaduct,  wlietler  ei-eo- 
soted  wood  block,  vitrified  brick,  stone-filled  or 
standard  sheet  asphalt  is  used  as  the  pavement  stirfae- 
ing,  to  justify  the  selection  of  a  given  type  of  siiitV.ee 
especially  because  of  its  lightness  in  weight.  Even 
a  shallow  granite  block  surface,  laid  upon  a  very  thin 
bedding  or  upon  the  concrete  foundation  or  flooring 
when  it  is  just  placed,  would  not  seem  to  present  un- 
surmountable  difficulties  because  of  its  weight.  The 
vibrations  caused  by  the  impact  of  the  wheels  on  the 
slightly  uneven  surfaees  of  the  blocks  would  be  a  far 
better  argument  against  the  use  of  granite. 

Attractiveness  of  Appearance. 

Some  block  surfaces  look  very  well  when  new, 
and  have  even  been  referred  to  at  such  times  as  artis- 
tically resembling  mosaics.  New  block  surfaces  are 
not  unpleasing  to  the  eye.  but  as  the  newness  wears 
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off  iho  attnu-Hvoness  ceasf-s  tu  I.e.  \s  soon  as  tl.p 
.M'M.fs  betw,...,,  tho  blocks  l,..«in  to  open  up  a  little 
or  n-nairs  have  to  be  luade.  the  block  paven.ent  sur- 
laces  are  no  longer  in  any  sense  attractive.  This  is 
parti.M.larly  true  of  ereosoted  wood  block  and  vitrified 
>nck  surfae,.s.  and  sonn-what  less  true  of  granite 
block  and  sandstone  block  surfaces. 

To  the  author  s  eye.  which  he  believes  is  an  aver- 
«?.■  organ  of  si^rht  sensation,  the  bituminous  sheet 
Ij.yer  surfaces  are  far  more  pleasin^r  tl,i,„  the  block 
snrfaces.  To  make  a  fair  eomparison  of  pavement 
surfaces  from  this  point  of  view,  one  n.ust  visit  the 
(  ity  of  Waslnu^rton  or  son.e  other  city  that  is  f.aved 
«  .nost  exciusivly  with  sheet  asphalt  weariufr  surfaces 
then  y.s.t  so.ne  city  where  block  wearing  surfaces 
prevail  and  feel  rather  than  otherwi.se  sense  the  dif- 
Irrence  between  the  two  classes. 

But  of  far  greater  importance  than  .just  their  or- 
•Kmal   attractiveness   is   the   fact   that   the   bituminous 
sheet  layer  surfaces,  if  kept  in  reasonable  repai 
reasonably  clean,  do  not  lose  any  of  their  attractiv 
n  -s  with  a,e,  as  do  the  blo.dc  class  of  pavement  Z- 
laces  in  sj)ite  of  good  care. 

The  Author's  Conclusions. 

Tt  would  seem  to  the  author  from  the  forcroin-. 
statement  of  the  facts  in  relation  to  the  physi  'u  Z 
perties  of  the  several   pavement  surfaces   hgencL; 
use  on  c.ty  .streets  and  rural  highways,  that  any  on 

o       h     \Tr"Z  ''''*  ''^''  ^"'•^^^-^  surpasses  each 
of    he  block  surfaces  in  the  desirable  physical   nro 
P-t.es  when  all  the  physical  points  of  advanta'  'rt 
«'(>nsidered  collectively.  ""laj,.   are 

The  bitun.inous  sheet  layer  surfaces  surpass  all  the 

ease  0    con.struct.on.  ease  of  repair  and  renewal    sus- 
-Ptibihty  to   repair  and   renewal,   an.l   attr.ctiv  ..  ss 
of  appearance.     They  surpass  .il  e.x.-ept  the  .-reos  te 
wood  block  surfaces  in  nois.Iessuess.  and  are  •. 
e.ose  second   to   even   this   type   of  surfa  e     in         a 


iiiatttr.  They  are  in  turn  surpassed  by  tln!  crfosoted 
Wdod  block  surfaces  in  the  feature  of  slipperiness  in 
w.-t  or  frosty  weather,  whicli  is  a  point  tliat  at  least 
••oiiiitfrbjilancrs  llic  wood  block  surface's  advantage 
in  bcintr  sli^'htly  less  noisy.  All  the  other  block  sur- 
fiiccs  siiii)iiss  the  creosotcd  wood  block  and  the  bitu- 
minous sheet  layer  surfaces  in  that  Miey  <,'ivc  better 
footliiild  jinil  tirehobl  in  nnf;ivorjil)l«'  weather. 

All  excej)t  the  standar.i  sand  mixture  shct  asp- 
halt surfaces  surpass  ev(  ry  form  of  block  surface  in  the 
cas<^  with  whicli  a  load  may  be  transf)orted  over  them, 
and  the  standard  sheet  asf)halt  surface  surjtasses  ex- 
ccjit  in  very  warm  weather;  the  other  bituminous  sheet 
layer  surfaces  have  a  constant  advantage  on  this  point. 
New  vitrified  brick  sui  faces  and  creosoted  wood  block 
surfaces  are  close  seconds. 

The  bituminou.s  sheet  layer  surfaces  -pass  in 
their  susceptibility  to  constant  use  all  except  the 
granite  block  surfaces  having  either  sand  or  tar  and 
gravel  .joints.  They  also  surpass  or  equal  all  the  block 
surfaces,  except  the  granite  block,  in  the  relatively  im- 
portant item  of  durability;  and  are  excelled  only  by 
creosoted  wood  block  surfaces  in  lightness  of  we'ijrhf. 

But  while  the  bituminous  sheet  layer  surfaces  have 
a  decided  lead  in  a  consideration  of  the  physical  pro- 
perties most  desirable  in  a  pavement  surface,  it  is 
when  we  have  completed  our  investigation  into  the 
relative  financial  economy  of  the  different  surfaces 
that  we  are  forced  to  the  conclusion  that  beyond  a 
doubt,  excepting  some  well  known  special  instances 
of  course,  there  is  but  oho  type  of  pavement  surface 
that  most  cities  can  afford  to  adopt  as  their  general 
street  surfacing  material. 

One  might  easily  narrow  this  conclusion  still  fur- 
ther, and  state  that  the  one  street  surfacing  which 
should  be  generally  employed  is  stone-filled  sheet  asp- 
liiiit:  but  more  evidence  to  tbiit  rfVcct  later,  li  is  the 
conclusion  at  which  the  author  has  arrived,  and  in  the 
folh.wing  |)agcs  he  will  try  to  state  the  reasons  for 
the  foi'ming  of  this  opinion. 


The  Maainre  of  Economy. 

Tt  seems  to  the  author  that  the  nearest  we  can 
get  in  a  practical  way  to  the  true  measure  of  paving 
economy  is  by  carefully  estimating  the  cost  of  original 
construction   of  the  several  kinds  of  pavement   sur- 
faces that  are  available  or  can  be  made  available  at 
a  given  locality,  plus  a  sum  of  money  that  wften  wiselv 
invested  will  provide  an   interest  fund  sufficient   to 
maintain  that  type  of  pavement  surface  by  repair  and 
renewal  so  that  it  may  be  looked  upon  as  a  permanent 
pavement  surface,  which  matter  of  financial   paving 
economy  ni„st  then  be  considered  in  conjunction  with 
the  general  suitability  and  desirability -of  the  pave- 
ment surface  for  the  purpose. 

There  is  one  factor  that  is  not  included  in  the 
above  equation,  but  is  kearoely  a  determining  factor 
in  many  cases.  That  is  the  matter  of  the  deslrue  on 
of  value  incident  to  the  removal  of  the  pavement  sur 
face  or  a  part  thereof  for  the  purpose  of  getting  at  the 
subsurface  structures  of  a  street,  for  street  alteration! 
and  abandonments,  or  for  any  other  purpose  other 
than  ordinary  wear.  » >'ier 

In     all     considerations  of  paving   economy,   the 
factor  of  the  interest  on  the  money  invested  is  a  verv 
important  one  not  often  given  the  serious  considera 
tion  that  Its  gravity  demands. 

The  Municipal  Dollar. 

In  this  trentis,.  tlieie  is  no  ,„.,..sion  t.,  enter  into 
the  matter  of  tix-  why  ,„•  whereto.'  of  the  interest  value 
of  a  dollar.  Snffiee  to  say  that  the  munieipal  .loliar 
IS  worth  t>»  ,ts  possessor  abont  four  eents  or  fonr  per 
cent  per  an.u.M..-  for  that  is  al.o,.t  the  rate  of  interest 
flint  n.unu-.pal  bonds  of  eities  in  good  ere.iit  nsuallv 
eariy  in  noniial  times. 

Money  ,.,n  or.linarily  be  ba.l  by  a  nuinieipality 
throuH.  the  .ale  of  its  !o„.  term  bonds  at  a  four  p.T 
«'«''it  rate:  an,!  .■onv.'rs,.ly.  one  who  has  money  to  invest 
^•''-.  nearly  always  seenre  the  same  rate,  and  ineiden- 
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tally  enjoy  a  high  grade  of  security  for  his  principal, 
tlirough  the  purchase  of  some  good  city  bonds.  It 
can  safely  be  stated  then  that  the  municipal  dollar 
is  worth  about  four  cents  or  four  per  cent  per  annum, 
whether  it  is  coming  or  going. 

It  does  not  matter  whi-tlicr  it  is  a  dollar  spont  or 
.1  dollar  saved,  if  it  is  a  municipal  dollar  it  is  worth 
or  it  costs  four  cents  a  year;  and  it  is  often  worth  much 
more  than  that  to  the  man  who  has  it  to  pay  or  not  to 
pay  into  the  city  treasury  as  the  result  of  extravagance 
or  economy  in  the  carrying  out  of  road  and  street 
pavin<.'  improvements. 

In  probably  the  most  of  cases,  a  city  will  sell  an 
issue  of  bonds  running  a  given  number  of  years  and 
all  payable  at  the  same  time  in  the  future.  In  such 
eases  it  is  customary  to  prepare  for  such  final  payment 
l)y  piittinjr  a  certain  amount  each  year  into  a  sinking 
fund  that  will  pay  off  the  l)onds  at  their  maturity. 
In  some  instances,  however,  an  issue  of  bonds  is  so 
arranged  that  a  certain  number  of  them  become  due 
at  stated  periods;  but  in  any  event  the  result  should 
l>e  much  the  same  to  the  ta.tpayer. 

Sad  to  relate,  some  cities  have  been  known  to 
issue  bonds  at  one  rate  of  interest,  and  then  create 
sinking  funds  to  repay  them  at  maturity  and  deposit 
such  funds  at  a  lower  rate  of  interest;  but  this  is 
not  the  rule  in  well  managed  cities,  the  sinking  funds 
being  largely  invested  in  the  city's  own  later  issues 
of  bonds,  or  in  those  of  some  iieiphhor. 

Interest  at  Pour  Per  Cent. 

The  tables  that  follow  are  compiled  from  those 
found  in  "Accountancy  of  Investment."'  by  Charles 
K.  Sprague,  published  by  the  author  in  1910,  and  "In- 
terest and  Bond  Values,"  l)y  M.  A.  Mackenzie,  the 
University  Press,  Toronto,  1912.  Only  those  columns 
are  shown  that  figure  interest  at  the  rate  of  four  per 
<'ent  per  annum  compounded  or  discounted  annually, 
as  these  tables  seemed  sufficient  for  the  author "s  pur- 
pose  of  illustration. 
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FOUR  PER  CENT  INTEREST  AND  DISCOUNT  iABLES. 
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Table  Number  one  is  a  principal  and  interest   table   sliowintr   the 

dol  J'V;r"::  the^„e..„m„,ated  interest  from  the  prn.eip.,.  „...,..  one 
vol  ^*^*^  N«f  ber  two  is  an  interest  discount  tahh-  sho^^  inj:  the  present 
onel  fi?tv  ■"  ■"■  "'  ''''  '"'^  "^  ^'"•^'  ^'■"'"  ""™^"--  <'^'  •--•«  f-- 
Table  Number  three  is  an  annuity  m-euniulation  lahl,.  showing  the 
future  valne  at  the  end  of  the  period,  of  a  series  of  one  dollars,  to  be 
deposited  at  the  end  of  eaeh  year,  for  any  piven  number  of  vears  from  one 
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Table  Niunber  four  is  an  annuity  purchase  table  showing  the  i)rps.'i,t 
value  at  th."  hotrinning  of  the  period,  of  a  series  of  one  dollars,  to  be  de- 
posited at  tl.f  .-nd  of  each  year,  for  any  given  numberof  vears  from  on,- 
fo  titty. 

Table  Number  five  is  iin  ainortization  table  showing  the  equal 
amount  that  may  b.-  sccun-d  at  Ww  t-rul  ..f  ,.i„'h  v.-ar.  for  any  given  num- 
ber of  years  trom  one  to  fifty,  by  the  inv..stment  of  a  present  .lollar  at 
the  beginning  of  the  period. 

'^'"ble  Number  six  is  a  sinking  fund  table  showiuir  the  equ.il  nm'.sn.t 
whi.'h  if  invested  at  the  end  of  each  year,  for  any  given  number  of  years 
from  oiio  to  fifty,  will  pro.lue.-  a  future  dollar   at  the  .-rid  of  the  period 

Note:  Each  table  is  extended  to  give  valu.-s  at  five  year  perio.ls 
from  fifty  to  one  hundred  vears. 
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Mr.  Sprague-8  book  is  the  more  valuable  for  its 
tab  OS,  as  .t  c.arru..s  all  «f  then,  to  the  eighth  decimal 
and  has  the  supplement  rm.ning  from  fifty  to  one  hun- 
H....1  years.  Table  five  is  found  only  i„  Mr.  Mackenzie's 
book,  and  table  six  only  in  Mr.  Sprague's  book,  num- 
ber 8.x  being  Mr.  Sprague's  number  five  table  It 
will  be  noted,  however,  that  by  adding  or  subtract- 
mi?  four  cents  in  each  item,  table  five  will  be  converted 
nito  table  six,  or  table  six  into  table  five. 

As  none  of  the  elements  of  cost,  labor,  material 
or  rate  of  interest,  is  the  same  for  any  two  cities  in 
all  cases,  and  as  some  cities  pay  interest  annually,  some 
semi-annually  and  some  quarterly,  to  get  accurate 
results  for  comparisons,  one  must  apply  the  ex-amples 
in  eaeh  ease  usin^'  accurate  local  financial  data. 

The  Oort  of  Ooutruction. 

In  a  consideration  of  the  cost  of  the  original  road 
or  street  surface  constructions,  the  bituminous  sheet 
layer  surfaces  have  a  very  great  advantage  over  the 
block  surfaces;  that  is,  unless  one  is  unwise  or  other- 
wise  enough  to  lay  some  one  oi  the  proprietarv  bitum- 
inous sheet  layer  surfaces  at  an  unwarranted  price 
l)er  square  yard.  But  before  we  can  get  very  far  into 
th.s  subject,  it  will  be  necessary  for  us  to  make  some 
tentative  estimates  for  the  purpose  of  comparisons 
iind  the  author  suggests  the  following: 

Stone-filled  sheet  asphalt  surface $     .75 

Standard  sheet  asphalt  and  binder  surface    1.00 
Vitrified  paving  brick  or  block  surface  ....     ! .  .50 

Creosoted  wood  paving  block  surface 2.25 

Improved  granite  paving  block  surface  . . .     2.50 

In  each  of  the  above  cases,  the  estimated  price 
includes  the  laying  in  place  of  the  entire  wearing  sur- 
face upon  the  concrete  foundation,  and  the  number  of 
inches  of  grading  made  necessary  by  the  particular 
displacement  of  the  surface  estimated  but  the  cost 
of  such  grading  is  but  a  very  small  item  in  any  case 
unless  there  is  rock   excavation. 


Kat-h  ty[H'  of  pavt-mont  surfaec  coiisidfrod  aii«l 
eatimated  has  in  many  instances  been  laid  for  less  and 
in  many  other  cases  for  more  than  the  figure  stated, 
but  the  author  thinks  that  the  percentage  of  more  or 
less  will  1)0  (  onstant  when  th»>  honest  constructions  of 
each  type  are  compared.  For  instance,  in  Greater  Nt-w 
York  City,  stone-filled  sheet  asphalt  wearing  surfaces 
two  inches  thick  have  been  laid  for  about  sixty  cents 
per  square  yard,  and  standard  sheet  asphalt  and  bin- 
der wearing  surfaces  three  inches  thick  have  been 
laid  f<.r  about  seventy-five  cents  per  square  yard, 
but  these  prices  do  not  represent  good  contract  pav- 
ing practice  in  that  city. 

Tt  might  be  well  to  state  at  this  point  that  in 
most  places  a  six-inch  one-three-six  mixture  Portland 
cement  concrete  foundation  can  be  laid  for  about 
seventy-five  cents  per  square  yard,  including  the  six 
inches  of  average  grading  that  its  displacement  makes 
necessary,  so  by  adding  this  amount  to  the  prices  above 
given  for  the  different  surfaces  we  have  the  total  esti- 
mated contract  price  for  the  original  construction  of 
till'  completed  pavements  considered  suitable  for  mo  1- 
eiti  rity  streets;  but  a^  notcil  in  the  former  |)aragrapii 
stating  wherein  pavements  differ,  the  concrete  found- 
ations do  not  need  to  enter  into  our  comparisons  at 
all.  they  being  almost  always  the  same  in  all  case.'?. 

The  thicknesses  of  the  several  wearing  surfaces 
considered  above  are  two  inches  for  stone-filled  sheet 
a.sphalt.  three  inches  for  standard  sheet  asphalt  and 
binder,  four  inches  for  vitrified  paving  brick  or  block, 
three  and  one-half  inches  for  the  creosoted  wood  block, 
and  five  inches  for  the  improved  granite  block  surface. 

While  the  author  fully  recognizes  that  the  fore- 
going prices  <lo  not  hold  good  at  the  present  time  as 
fully  representative,  owing  to  the  extraordinary  con- 
ditions of  labor  growing  out  of  the  war.  it  is  believed 
that  they  suffice  for  the  comparativ.'  purposes  for 
which  they  are  desired  in  this  writing.  Work  is  still 
being  done  in  .some  places  at  these  figures  or  less,  and 
the  present  day  figures  would  be  very  misleading,  if 
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an  average  were  taken.  It  is  therefore  thought  best  to 
use  priees  prevailing  a  short  time  ago  and  that  may 
Ix'  expected  to  prevail  again  as  soon  as  conditions  for 
labor  and  material  are  normal. 

Totals  to  lUiumnate. 

When  figures  are  made  on  the  srpiare  yard  '?nit 
basis,  and  the  differences  api)ear  in  cents.  "  *  «r  cf-.c 
most  a  dollar  ...id  some  cents  per  sipiare  ya  .1,  ,!1  of 
us  do  not  appreciate  the  gravity  of  these  s'm;  H  iiffer- 
enees.  For  that  reason,  it  will  help  to  a  bette.  uud..- 
standing  of  the  subject  if  we  work  these  unit  figures 
into  some  interesting  totals. 

As  an  instance,  take  a  municipality  of  but  fifty 
thousand  inhabitants,  which  will  probably  have  about 
fifty  miles  of  streets  averaging  twenty  thousand  square 
yards  of  roadway  surface  per  mile,  or  a  total  of  about 
one  million  square  yards  of  street  roadway  that  is 
or  ought  to  be  paved. 

The  table  that  follows  will  show  the  total  cost  of 
either  originally  surfacing  or  later  resurfacing  this 
entire  area  with  a  modern  pavement  .surface  of  each 
of  the  several  types  under  consideration  as  suitable : 

Stone-filled  sheet  asphalt  surface $    750,000 

Standard  sheet  asphalt  and  binder  surface      1,000,000 
Vitrified  paving  brick  or  block  surface    ....   1,500.000 

Creosoted  wood  paving  block  surface   2,250,000 

Improved  granite  paving  block  surface  ....  2,500.000 

It  is  at  once  seen  that  two  square  yards  of  stone- 
filled  sheet  asphalt  wearing  surface  can  be  laid  at  the 
same  cost  as  one  square  yard  of  vitrified  paving  brick 
or  block  surface,  three  square  yards  at  the  cost  of  one 
squ.M-e  yard  of  creosoted  wood  paving  block  surface 
and  three  and  one-third  square  yards  at  the  cost  of 
one  .square  yard  of  improved  granite  block  surface. 

After  a  consideration  of  the  above,  it  would  seem 
to  the  author  that  there  would  need  to  be  some  very 
strong  preponderance  of  phyMca]  and  financial  reasons 
to  justify  the  laying  of  any  other  street 
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fjKT  tliHU  Stone-filled  sheet  asphalt;  too  steei.  a  grade 
Itcmg  the  most  comMioti  ami  imiiortant  .justification. 

The  Improvement  Charge. 

The  fixed  annual  interest  eharge  iicr  s.inare  yard 
on  the  original  investment  of  our  municipal  dollars  in 
the  construction  of  pavement  wearing:  surfaces  is  a 
matter  of  considerable  impoitance,  su  Kt  us  s.e  what 
it  amounts  to  in  the  case  of  each  type  of  pavement  sur- 
face when  calculated  at  the  rate  of  four  j)er  cent : 

Stone-filled  sheet  asphalt  surface   $     .():{ 

Standard  sheet  asphalt  and  binder  surface   .      .04 

Vitrified  paving  brick  or  block  surface 06 

Creosoted  wood  paving  block  surface 09 

Improved  granite  paving  block  surface 10 

To  appreciate  the  gravity  of  these  figures,  one  has 
but  to  multiply  the  given  number  of  cents  per  square 
yard  per  annum  of  the  interest  charge  on  the  cost  of 
the  original  construction  of  each  type  of  pavement 
surface  by  the  one  million  square  yards  of  street 
roadway  area  to  be  found  in  a  city  of  but  fifty  thou- 
sand inhabitants,  with  this  result:' 

Stone-filled  sheet  asphalt  surface   $  30,000 

Standard  sheet  asphalt  and  binder  surface     40.000 
Vitrified  paving  brick  or  block  surface  .   .     60.000 

Creosoted  wood  paving  block  surface 90,000 

Improved  granite  paving  block  surface  .  .    100,000 

The  above  statements  mean,  for  instance,  that  a 
city  must  be  able  to  maintain  permanently  by  repair 
and  renewal  a  s.juare  yard  of  improved  granite  pav- 
ing block  surface  for  at  least  seven  cents  per  s.piare 
yard  less  per  annum  than  it  can  permanently  main- 
tain a  stone-filled  sheet  asphalt  surface  before  the  two 
wearing  surfaces  will  be  ecnmlly  economical;  and  in 
most  eases,  as  will  be  seen  later,  this  is  impossible. 

In  other  words,  the  improved  granite  paving  block 
surface  is  laboring  under  a  handicap  of  seven  cents 
per  square  .yard  per  annum  from  the  day  of  its  laying 
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Itrin.        .       '"T"'  '"-^^   ^'  «"^'°^^   construction. 
It  IS  only  when  we  look  into  the  full  permanen.-y  cost 

however  that  the  real  gravity  of  the  situation  crcat  d 
by  the  interest  charge  becomes  fully  .■  ,.pa,.ent. 

The  CoBt  of  Repairs. 

The  material  costs  for  making  re,  urs  due  to  wear 
will  be  about  the  sa.ne  as  in  the  case  of  the  original 
construet.on  of  the  several  types  of  paven.ent  surfaces. 
Ihe  lah  :  costs  will  necessarily  increase,  because  of 
the  snmll  quantities  in  which  repair  work  ,uust  be 
done,  but  this  increase  will  not  be  in  any  great  dis- 
proportion for  the  several  surfaces. 

When  repairs  are  „,ade  because  of  wear,  there  is 
not  mueh  salvage  to  be  had  from  the  old  surface 
materials,  especially  old  blocks  that  lose  their  value 
with  heir  shapes.  What,  is  left  of  the  bituminous 
sheet  layer  surfaces  is  always  perfectly  good  for  reuse 
What  IS  left  ot  old  vitrified  bricks  and  granite  blocks 
s  fit  only  for  crushing  into  concrete  material,  unless 
the  granite  blocks  are  recut ;  and  old  creosoted  wood 
blocks  make  a  wonderful  bonfire. 

When  repairs  are  due  to  openings  in  the  street 
surface,  a  large  number  of  the  old  blocks  p.  ailable 
for  reuse.    The  exception  is  when  cement  ,ints 

have  been  used  and  the  blocks  are  broken    ,     .«  re- 
moval of  the  surface.      The  entire  removed  section  of 
a  bituminous  sheet  layer  wearing  surface  is,  of  course 
susceptible   to   reuse   by   the   remelting.   remixing    re- 
juvenating and   relaying  process,  an,]   the   irsults  are 
somewhat  more  satisfactory  than  in  the  case  of  blocks 
which  at  the  best  can  seldom  be  ivuscl  mor..  than  once.' 
Repairs  to  bituminous  sheet  layer  surfaces  can  be 
made,   using  all   new   materials,  for  about  $1.25   per 
square  yard,  by  contract.      Municipal  asphalt  repair 
plants  do  the  work  for  under  $1.00  per  square  vard. 
The  above  prices  will  about  purchase  the  number  of 
vitrified  paving  bricks,  but  will  not  begin  to  pav  for 
the  number  of  creosoted  w.,od  or  granite  paving  blocks 
required  to  lay  one  square  yard  of  wearing  surface 
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Asphalt  repairs  can  he  made  by  a  municipal  as- 
phalt repair  plant,  using  the  old  materials,  for  about 
sixty  cents  oer  s(|uare  yard.  It  is  not  possible  to  make 
repairs  to  a  block  surface,  even  if  all  the  old  blocks 
are  available,  for  anything  like  this  cost. 

Where  new  materials  must  be  used  in  making  re- 
pairs and  renewals  the  bituminous  sheet  layer  surfaces 
have  the  same  advantage  they  have  in  the  matter  of 
the  original  construction.  Where  tlie  old  materials 
are  available,  they  have  a  still  greater  advantage, 
both  in  the  matter  of  cost  and  the  relative  value  of 
the  repair  accomjilished. 

The  Cost  of  Renewals. 

There  is  a  time  in  the  life  of  every  pavement  sur- 
face when  it  is  more  economical  and  tlesirable  to  take 
it  up  and  completely  resurface  the  foundation  with  a 
new  wearing  surface  of  the  same  or  a  different  char- 
acter; and  though  much  that  is  .said  about  the  co.st  of 
r(>pairs  applies  in  proportion  to  the  cost  of  removals, 
there  are  still  some  points  of  difference  worth  noting! 

The  cost  of  the  new  surface  when  the  oriirinal  sur- 
face has  worn  out  is  practically  the  same  as  the  cost 
of  the  original  surface  con.strucfion.  The  only  mate- 
rial difference  is  that  between  the  cost  of  the  original 
grading  for  the  displacement  of  the  original  surface, 
and  the  cost  of  removing  the  old  surface.  The  differ- 
ence is  not  of  sufficient  moment  to  demand  very  much 
consideration. 

There  is  almost  no  salvage  when  a  worn  out  old 
block  wearing  surface  is  torn  up.  With  the  exception 
of  a  small  percentage  of  blocks  that  have  been  out  of 
the  line  of  traffic,  the  paving  blocks  are  all  so  mis- 
shapen that  they  usually  go  to  the  crusher.  The  few 
good  blocks  can  best  be  empb  yed  in  repairing  other 
streets  of  the  same  surface  material,  thus  saving  the 
purchase  of  new  blocks.  !f  is  the  inithot's  belief  ilial 
sheet  asphalt  pavenu'nts  can  be  resurfaced  for  about 
twenty-five  cents  per  s((uare  yard  by  i)utting  the  old 
surface  through  a  plant  operating  on  the  street. 


Re-using  Old  Asphalt  Surface. 

All  tiK-  hitiiiniiKMis  .h.'ct  lii.wr  siirfiif,-  rn.if.-rial 
lliiit  iviHiiiiis  on  a  stnvt  u  lien  it  is  I'ouii.l  advisiil.l,.  to 
tvsm-f.M-..  if  is  saivi.-,..  Th..  ,st..i„.  .hips,  siin.l  mnl  stom- 
•Inst  aiv  iH,  (lillViviit  tl.a.i  Wu-y  \v,.,v  wli.-ri  onirii.ajly 
l;'".l  an, I  tin.  as|,liall  ...Mn.Mif  is  tlir  sain.-  .-xr.-pt  fo'r 
111.-  l-ss  of  suinr  .,f  til,,  liuh),.,.  oils  that  liav,-  l.,.,.n 
(ifawii  nut  l.v  111,,  anion  of  ih,.  sun  and  van  roa.lilv  Uo 
rppla.T.I  by  III."  addition  of  siiitald,'  fhix. 

Wh.u  it  is  .-onsid-MTd  that  oxi-ept  in  tin,-  <-as..  of 
'"■"v.v  1, •,,,)•„•  siivots  prol.ahly  at  loast  ,>ii,d,tv  pov  r,-ut 
of  th..  .„  iniual  ,uat..nals  aro  left,  the  .vsurfacinir  h.-inp 
•"•"I-  K.'.-.'ssan  MUM,.  I„...aus..  of  tli..  lianL-nin.'  an.! 
^'••^"•kiu^.  of  tin.  w.-arin-  snrfa.'o  than  hcauso  „f  w.-ar 

'""'"''"  'li"  liud.t..,- oils  of  th..  asphalt  ....,n..nt  that  hav.' 
«^Piii-t...l  an.l   must  ho  ropja.'od  constitute  only  about 

''"  !"■'■  '•'■'"  "!■  '1'"  iiN'iK'it  .-.•nu.nt  ..r  al.ouf  .>,„.  p.., 
'•'^•"  "'  '!"•  ""^'1  .iiryi. •.,...„,..  th..  valii..  of  th.>  salva-,.  is 
at  oni'.>  np|>aivnt. 

''"'I-    nux   of  th..   iMMft.T   is   that   th..   shap..  of  an 

••'''   '""""",.. us  si t   iay..r  surfa.-..  has  nothing  what- 

7*'''  '"  ''"  "'"'  ''^  valii.-  as  salvajr...  whil.-  this  is 
th.-  all  iinp.utant  it.-m  in  th.^  .-as,,  of  old  pavins?  blocks 
01.1  -lanit..  pavin-  blo.-ks  may  b.>  tnni.-d  ..n.-..,  an.l  s.. 
JtKiy  old  v,trifl,.d  pavin-  brick,  but  in  oacl.  .-asc  the 
new  fa.-.,  is  th.'  one  that  was  .•o.j,.eted  in  the  ofi^inal 
layui-.      Wli.T..   stfonjr  cement   grout  joint    filler  has 

' "   "^••''-  ""■' ••'"  '"■  '">  tiiruinir  of  th.-  bl..cks    an.l     ' 

this  ,s  th..  most  approved  filler  of  the  present  day. 
Th,.  it,.|M  of  ,.|..auiu-  a  bituminous  filler  from  the 
sid..s  of  th..  blocks  is  also  a  matt.-r  of  .-..nsi.l.-ralil.- 
cost;  an.!  s.ind  .joints  are  a  thing  of  the  past. 

Any  way  one  looks  at  it,  the  economy  of  ivn..wa!s 
l'"s  with  th..  bituiiiin.Mis  sh....t   layer  class  of  surfa-.-s. 

Durability  of  Surfaces. 

This  item  of  value  in  a  .-omparison  of  road  and 
street  pavement  surfac.-s  might  also  have  been  listed 
as  a  pl,,vs„.al  p.,int  of  .-..nsi.l.-ration,  but  inasmuch  as 
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iill  types  luidcr  disciissioii  :\\o  of  siiffi-imit  i|iii-al)ility 
not  to  he  seriously  objected  to  heeaiisc  ol'  the  fre- 
quency with  whieh  rei.uirs  and  ini.w  als  nm^l  l»e 
niach',  it  is  only  necessary  at  this  titnc  to  .•unsiiler  the 
dui-ability  of  the  several  types  of  pav.iiniit  surfaces 
as  it,  relates  to  the  financial  econoniy  of  pt  iinaiicut 
pavement  surface  maintenance. 

It  is  the  author's  opinion  that  vitntic.i  paviiijr 
brick  or  block  surfaces  are  considerably  le  s  iurabie 
under  heavy  traffic  and  somewhat  less  durable  under 
light  traffic  than  stone-filled  sheet  asphalt,  standard 
shce'  asphalt  and  binder,  or  ereosoted  wood  paving' 
block  surfaces:  that  the  tinve  last  iii.'ntioncd  aie  about 
ccpial  in  durability,  and  that  the  iiiipiiived  Liianite 
I-aviiii,'  block  surfaces  ai-c  tru)re  disable  than  any  other 
pavement  surface  now  in  j^eru'ral  use. 

If  recpiired  to  estimate  the  relative  and  prol)al)le 
life  of  each  type  of  surface  under  given  heavy  traffic 
conditions,  the  author  would  first  locate  the  nearest 
bond)  proof  cellar,  and  then  venture  to  stat.'  his  ofunion 
about    s  follows: 

Stone-filled    sheet    asphalt    surface   10  years 

Standard  sheet  asphalt  and  binder  .surface     .  K)  years 

Vitrified   paving   brick   or   block   surface     .  :.  years 

Creosoted   vi'ood    paving   bioek   surface    ....  10  years 

Improved   granite   paving  block  surface    ...  L'.')  years 

P'or  light    tratTic    residential    streets,    tin     author 
would  make  the  following  estimate  of  durabilities: 

Stone-filled  sheet  asphalt  surface   2r>  years 

Standard  sheet  asphalt  and  binder  surface  2.")  years 

Vitrified  paving  brick  or  block  surface   .  .  20  years 

Creosoted   woo*'    -saving   block   surface   ....  'io  years 

Improved  granite  paving  block  surface   ....  ."iO  years 

Directly  after  issuing  such  a  statement  as  the 
foregoing  estimate  of  durability  it  would  seesn  but 
the  part  of  worldly  wisdom  in  the  authoi-  to  seek  his 
prelocated  nearest  safe  shelter  until  the  storm  had 
blown  over,  for  it  is  a  moral  certainty  that  whatever 
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reasonable  estimates  of  relative  durability  one  may 
make,  they  will  be  viciously  challenged  by  each  of 
the  financial  interests  concerned  in  the  promotion  of 
a  special  type  of  surface  construction. 

It  is  also  quite  certain  that  the  interested  advoc-' 
catcs  ox  each  type  of  construction  can  point  to  almost 
miinn.cial.le  instances  where  their  type  of  surface  has 
lasted  longer  under  heavy  traffic  conditions  and  where 
the  other  fellow's  has  gone  to  pieces  und«r  light  traf- 
fic conditions,  all  of  which  will  succeed  in  pro-'ng 
absolutely  nothing,  as  good  construction  and  poor  con- 
struction have  been  practised  quite  impartially  with 
each  type  of  pavement  surface. 

One  must  virtually  have  lived  pavements  for  many 
years  to  have  secured  any  worth  while  direct  idea  of 
the  relative  durability  of  the  different  surfaces,  for 
there  is  no  valuable  collection  of  data  on  the  subject  • 
and  oven   then,  different  "lifers"  will    have   formed 
different  opinions  based  each  on  his  own  experience. 
It  must  not  be  thought  that   the    small    repairs 
made  to  a  wearing  surface  for  several  years  prior  to 
its  final  removal  have  been  lost  sight  of  in  *he  fore- 
going estimates  of  durability.     What  is  meant  is  the 
average  life  of  the  original  surface. 

Some  of  ai  original  wearing  surface  mav  remain 
on  a  heavy  traffic  street  for  eighteen  years';  yet  the 
average  or  mean  life  or  durability  of"  that  original 
surface  may  only  have  been  fifteen  years;  and  in  es- 
timates of  durability  it  should  be  so  considered.  Un- 
foitunatoly,  there  are  no  valuable  data  on  the  cost  of 
repairs  for  the  different  surfaces,  such  information  as 
may  be  had  being  of  no  comparable  worth. 

The  Cost  of  Cleaning. 

It  stands  to  reason  that  the  smooth,  hard  and 
jomtless  bituminous  sheet  layer  surfaces  are  the  easi- 
est and  the  least  expensive  to  clean  and  keep  olean 
There  should  not  be  much  difference  bctweci.  the  .-..st 
of  cleaning  bituminous  sheet  layer  surfaces  and  new 
paving  block  surfaces  of  the  several  types,  but  the 
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difference  grows  as  tlie  surfai-es  age.  There  is  practi- 
cally no  increase  in  the  cost  of  cleaning  tlie  l)ituininous 
sheet  layer  surfaces,  at  these  remain  smooth  even  in 
old  age,  but  there  is  a  very  great  diftereuce  with  liie 
block  surfaces  that  roughen  with  age  and  accjuire  deep 
joints  in  which  dirt  will  lodge  and  not  readily  leave. 

The  Engineering  Record  of  February  22nd,  1908, 
carried  the  summai7  of  a  report  to  the  mayor  of  the 
City  of  New  York  that  discussed  the  methods  of  street 
cleaning  best  adapted  to  the  several  boroughs  of  that 
city.  This  report  was  made  by  Messrs.  H.  dcB.  Parsons, 
Rudolph  Hering  and  Samuel  Whinery,  and  in  conduct- 
ing their  investigations  it  was,  of  course,  necessary  for 
them  to  look  into  the  (piestion  of  the  ease  and  relative 
economy  with  which  the  different  forms  of  pavement 
surfaces  could  be  kept  clean.  This  investigation 
brought  out  many  points  which  w?re  very  much  in 
favor  of  the  use  of  bituminous  sheet  layer  or  asphalt 
wearing  surface.''.  The  Record  of  March  7th  carried 
some  comments  on  this  report,  and  both  the  report  and 
the  comments  are  woith  reading. 

After  stating  in  detail  the  results  of  many  tests 
tue  commissioners  point  out  that  it  is  an  obvious  fact 
that  smooth,  continuous,  hard  surfaces  can  be  kept 
clean  with  less  labor  and  at  a  smaller  cost  than  sur- 
faces of  a  more  or  less  rough  and  uneven  nature,  with 
joint  spaces  that  catch  and  retain  dirt. 

Later  on,  after  giving  some  very  interesting  tables, 
these  engineers  remark  that  if  their  figures  are  even 
approximately  correct,  they  show  that  the  kind  of 
pavement  surface  in  use  in  a  city  affects  very  mate- 
rially the  cost  of  keeping  the  streets  clean;  and  they 
suggest  that  relative  cost  of  clejining  is  an  element  of 
no  little  importance  in  selecting  tlie  kind  of  pavement 
that  a  city  should  lay.  It  should  also  be  considered  that 
streets  which  can  be  cleaned  cheaply  are  much  more 
apt  to  be  maintained  in  a  sanitary  condition. 

The  well  known  authors  of  this  report  estimate 
the  relative  cost  of  cleaning  the  different  surfaces  we 
have  under  consideration  as  follows: 
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aheet  asi.halt  wearing  surfaces   ....  ioq 

Vitrified  paving  brick  surfaces   ...        "120 
Xew  wood  paving  block  surfaces   ..  "   IQ-, 

Old  wood  paving  block  surfaces   .'   125 

Granite   i)avi.ig    block   surfaces 140 

The  differei^ce  between  cleaning  a  sheet  asnh^lt 
wcanng  surface  and  a  granite  block%vearing  s^' a  ' 
fro.u  other  tables  in  the  report,  seems  to  be  sHghtly 
over  one  cent  per  s,uare  yard  per  annum;  not  by  any 
means  an  inconsiderable  amount  when  multiplifd  by 
he  one  niill.on  s.,uare  yards  in  our  small  citv  of  fifty 
thousand  inhabitants,  to  say  nothing  of  the  iZi 
••"unicipalitics  that  house  millions.  ^ 

The  Cost  to  Traffic. 

The  ease  of  traction  up6n  a  given  pavement  surface 
nrnLi'r^'''"  "'■'''"  ""'"^"'^  '^'  '^o^t  «f  ^'-awing  or 

speed.  There  are  many  nunor  factors  entering  into  the 
equation,  such  as  the  use  of  too  smooth  a  pavement  on 
a  very  steep  grade,  and  the  slipperiness  of  certain  cur- 
faces  ,„„,..,.  ..,,,, i„  ,„f,,,,^bj^  ^^.^^^j^^^^  conditions, 
but  t.eso  nunor  factors  are  of  special  rather  than  gen^ 
eral  consideration. 

and  11"/"'"  -'"""I"  ^'"^■*'""'  ^''-  "^  ^«»'-«^-  smoothness 
and  hauincss  in  the  pavement  surface,  both  of  which 
qualities  are  possessed  in  a  marked  degree  by  aU 
pavement  surfaces  now  approved  for  use  on  moder^ 
-ty  streets  and  heavily  trafficked  rural  highways 

are  by  a  ittle  the  smoothest  when  new,  and  very  much 
the  smoothest  as  the  different  surfaces  suffer  from  a^e 
and  wear,  are  considerably  less  expensive  to  traffic 
upon  a  grades  reasonable  for  their  use  than  are  any 
of  the  block  class  of  pavement  surfaces.  The  difference 
"  -St  increases  as  the  roughness  of  the  block  surface! 
'—.cs  greater  with  age  and  wear,  while  the  bitumi 
nous  sheet  layer  surfaces,  when  kept  in  reasonab^  re- 
f""'  '• "'"  -"-'th  and  becomes  harder  with  age 
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With  the  ex('fi)tion  of  the  standard  sheet  asphalt 
mixture,  all  the  bituminous  sheet  layer  surfaces  are 
sufficiently  hard  at  all  times,  and  in  this  special  case 
the  softness  is  only  in  evidence  on  ver>-  warm  summer 
days.  As  an  objection,  this  feature  does  not  figure 
very  heavily  when  averaged  up  for  the  year,  and  would 
not  be  a  sufficient  handicap  to  make  this  type  of  bitu- 
minous sheet  layer  surface  second  to  any  of  the  block 
class  of  surfaces  in  the  cost  to  traffic  w  hen  considered 
for  the  life  of  the  various  surfaces. 

Several  years  ago.  <|uite  a  number  of  standard  sheet 
asphalt  surfaces  were  laid  very  soft,  and  many  will 
remember  the  difficulty  with  these  particular  surfaces; 
but  as  the  practice  of  laying  them  so  soft  has  been 
abandoned,  it  is  not  worth  while  to  consider  at  this 
time  the  excessive  warm  weather  tractive  resistance  of 
these  unsuccessful  experimen  ,. 

While  there  are  no  data  of  especial  value  to  be  had 
on  this  subject,  such  items  as  have  been  collected  seem 
to  uphold  the  conclusions  one  would  reach  from  a 
common  sense  consideration  of  the  factors  involved. 
In  one  case,  Belgian  Mock  surfaces  required  twice  as 
much  tractive  power  as  asphalt,  and  asphalt  was  only 
slightly  excelled  by  planed  granite  and  iron  trams. 
These  tests  are  too  old  and  not  sufficintly  definite  to 
be  of  value  to-day,  except  as  they  seem  to  corroborate 
or  upset  our  conclusions. 

The  Upkeep  of  Vehicles. 

There  is  not.  as  far  as  the  author  knows,  a  par- 
ticle of  available  data  upon  the  cost  of  vehicular  up- 
keep in  its  relation  to  pavement  values,  but  an  applica- 
tion of  ordinary  good  judgment  tells  us  that  the  smooth- 
er a  pavement  surface  the  less  wear  there  will  be  to 
\  chides  passing  over  it,  and  that  the  rougher  the 
surface  the  greater  will  be  the  wear.  The  expense  of 
maintaining  vehicles  in  which  to  travel  and  transport 
freight  in  such  cities  as  the  Baltimore  and  the  Brook- 
lyn of  a  few  generations  ago  must  have  been  no  incon- 
siderable item  in  the  cost  of  living. 
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While  the  cost  of  vehicular  upkeep  in  a  given  com- 
mmiity  is  not  an  item  that  appears  in  the  ...unieipal 
budget,  It  should  nevertheless  reee.ve  the  eonsidera- 
tion  that  ,t  deserves.  The  public  prys,  no  matter 
whether  -t  hands  its  money  to  the  blaeks.nith  the 
Avagonmak.'!  or  the  garage  proprietor,  or  whether  -* 
pays  along  with  the  taxes  handed  to  the  city  treasurer' 
A  very  poor  public  official  indeed  is  the  city  manager 
or  county  commissioner  who  can  not  see  anv  further 
than  the  budget  and  the  tax  rate. 

The  matter  of  vehicular  upkeep,  though  not  re- 
ducible to  figures  by  any  convenient  method  of  which 
the  author  has  knowledge,  should  still  be  carefullv 
weighed  before  selecting  a  rougher  pavement  surface 
in  preference  to  a  smoother  surface. 

Home  Industry  Involved. 

It  is  not  the  author's  intention  to  approach  this 
subject  m  a  naiTow  sense,  but  the  basic  j.rinciple  of 
t.a.le.  and  commerce  is  or  should  be  founded  on  the 
Idea  th  t  a  community  will  secure  from  a  distance 
those  things  that  it  has  not  or  can  not  produce  as 
well  locally,  exchanging  therefor  the  things  that  it 
has  and  can  produce  locally  to  advantage  and  bevond 
Its  own  reasonable  needs. 

Therefor,  if  a  city  within  its  coi-porate  limits 

or  m  the  surrounding  n.-ighborhood  a  majoritv  of  the 
materials  fro.n  which  a  certain  type  of  economical 
and  desa-able  pavement  wearing  surface  mav  be  con- 
structed, with  a  minimum  cost  for  the  importation  of 
other  necessary  ingredients,  there  is  no  logical  reason 
why  that  city  should  freight  in  from  a  distance  the 
expensive  materials  from  which  another  type  of  pave- 
ment surface  must  be  constructed,  unless  it  can  be 
clearly  shown  that  by  so  doing  it  will  secure  such 
great  advantages  of  economy  and  desirabilitv  as  to 
justify  this  extraordinary  procedure. 

Sand  and  crushed  stone  are  nearly  always  local 
pioducts.  while  asphalt  cement  and  sometimes  pul- 
verized stonedust  or  Portland  cement  filler  must  be 
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iinporfi'd  tor  tlic  liitiniiiiious  shwt  layer  surfaics.  iiud 
hitiiiiiinous  eemeut  aud  Portland  cement  joint  fillers, 
vitrified  paving  bricks  and  blocks,  creosoted  wood 
pavinjr  i)loeks,  and  improved  granite  paving  blocks 
must  be  imported  for  the  block  surfaces. 

The  following  table  will  show  at  once  about  how 
much  of  a  city's  money  goes  out  of  the  community 
with  the  laying  of  a  s<iuare  yard  of  each  type  of  pave- 
ment wearing  surface: 

Stone-filled   sheet  asphalt   surface   $     .25 

Standard  sheet  asphalt  aud  binder  surface   ...        .40 

Vitrified  paving   brick   or  block  surface   1.25 

Creosoted  wood  paving  block  surface   2.00 

Improved    granite   paving    block   surface   2.25 

All  of  the  above  figures  are  high  for  many  places, 
but  they  are  in  proportion.  A  substitution  of  the  ac- 
tual costs  for  a  certain  city  will  not  alter  the  result 
except  ill  ;i  very  few  eases.  F^or  instance,  vitrified 
paving  brick  is  considerably  cheaper  in  Ohio  than  on 
the  eoa.sts,  and  asphalt  cement  is  much  cheaper  near 
the  coasts.  In  some  pla  .s,  the  out  of  town  material 
cost  for  stone-filled  sheet  asphalt  surfaces  is  not  over 
fifteen  cents  -  asphalt  cement,  and  vitrified  brick 
surface  materjals  would  amount  to  slightly  less  than 
one  dollar  in  other  places.  Freight  is  usually  the 
trovi'iiiinjr  factor,  especially  with  blocks. 

It  must  be  remembered  that  these  figures  hold 
good  every  time  the  pavement  surface  is  repaired  or 
renewed  with  new  materials.  The  destination  of  m^xiey 
is  a  matter  of  legitimate  inquiry  when  a  community 
is  spending  it  in  large  amounts,  though  by  no  means 
a  governing  factor.  If  one  does  not  think  so,  he  had 
best  consult  the  president  of  his  local  bank  on  the 
subject  and  be  properly  informed. 

Since  the  bituminous  sheet  layer  surfaces  are  sus- 
ceptible to  iiidefinite  resurfacings.  using  the  old  mate- 
rials with  the  addition  of  a  little  new  material,  not  over 
five  cents  per  square  yard  needs  to  be  spent  out  of  town 
each  time  the  pavement  is  resurfaced. 


Control  of  Production. 

J^aigdy  la..-uuse  ..f  fh.-  yrtat...-  amount  of  homo 
indus  ry  involved  in  their  manulaeturc.  the  possible 
outsHle  ..ontrol  of  the  production  of  the  l.itumiuous 
sheet  layer  surfaces  is  less  than  in  the  case  of  any 
ot  the  paving  block  surfaces. 

A  municipality  can  not  manufacture  its  own  pav- 
ing blocks  at  a  great  saving,  for  the  reason  tliat  no  one 
city  can  advantageously  take  the  entire  output  of 
one  block  manufactuiing  plant  of  sufficient  size  for 
economical  production.  These  plants  arc  seldom  in 
the  city  for  which  blocks  arc  furnished,  and  shipments 
of  blocks'ar,"  rr.M|ii..ntly  mad.-  from  gn-at  distances  by 
rail  or  water,  and  sometimes  by  both. 

Most  cities  or  progressive  comities  <an  use  the 
"Mfnv  .Mitput  of  on.,  asphalt  mixing  plant  that  v/ill 
produce  any  of  the  bituminous  sheet  laver  surface 
mixtures,  and  some  of  the  very  large  eities  have  sev- 
eral such  plants  operating  to  a<lvantage  within  their 
'•"'•porat..    limits.       A    jr,,.,„    ,„.,„,.    „„.,„    ^^^^^,^^   ^^^^_^ 

such  plants  to  take  care  of  their  repairs  and  renew- 
als alone,  and  wherever  they  lu.v..  been  installed  they 
have  operated  to  advantage  and  at  a  reasonable  cost. 
If  there  should  be  a  control  of  the  asphaltic  cem- 
ent necessary  for  the  manufacture  of  bituminous  sheet 
layer  wearing  surfaces  and  the  price  were  advanced 
thereby  on.-hundred  per  cent,  the  tax  per  square  yard 
would  still  be  less  than  might  be  effected  by  an  ad- 
vance of  but  a  few  per  cent  i)er  square  yard  in  the 
cost  of  the  paving  blocks  for  any  one  of  the  block 
class  of  surfaces. 

At  present  there  is  an  association  of  vitrified 
paving  brick  and  block  manufacturers,  an  association 
of  .reosote.l  wood  paving  block  manufacturers,  and 
an  association  of  granite  paving  block  manufacturers 
each  association  spen.ling  vast  sums  ot  money  for  the 
publicity  necessary  to  promote  the  use  of  their  mater- 
ials. About  the  only  producers  of  an  important  ele- 
ment  m  pavement  construction  of  a  special  type  that 


^.n^,  ,.o  association  are  the  maiiulactu.-r.  ..f  asphal- 
t.e  ee.,.ent.  For  this  reason,  this  type  ot  surla-e  l>y 
tar  the  most  desirable  and  economical  of  the,,,  all  has 
not  had  ,ts  meiits  presented  to  th.  p„|,i„.  a,  Miih  a 
way  a!'  to  insure  its  proper  use. 

sh..,.t  layer  uvan,,;:  s,„ra..e>  „„  ,„...  s  roads  ;i...|  str.vts 
at  moderate  priees,  hut  many  eity  authorities  lave 
already  pereeived  the  jrreat  advantages  of  th,.  ,o,-m 
of  surfaee  eonstruetiou.  and  a.v  iavint,  th.'s,.  ,,av.> 
ments  ,n  ovr  ,ne,-easini.'  .,„a,„ities  u  ,ti,out  ..oaxin« 
irom  any  soiiiee. 

It  is  a  fact  to-day  that  the  most  expensiv,.  least 
economieal  and  desirable  pave.nent  we.-.nng  surfa-es 
'H-e  the  n.ost  widHy  adve.^tised  a„d  st,v„„u„.lv  ,.rn. 
moted.  While  it  does  not  pay  the  munieipalitv  or 
county  to  lay  these  surfaces,  it  does  tremen.luush'  pav 
the  promoters  and  producers. 

The  Permanency  Cost. 

In  order  to  find  the  present  eomr.arative  ,  n.t  of 
originally  constructing  and  permanentlv  n.aintaining 
a  given  type  of  pavement  wen,-ing  surfa.-  ,ip„„  a 
given  road  or  street,  it  is  necessary  to  a.M  to  tho  eost 
of  the  o,-,ginal  construction  that  .su,„  .,t  „umrv  that 
propci-ly  invested,  will  p,-o,|„ee  in  int.Mvst  a-.-u,„Mla' 
tions  a  fund  from  which  may  be  taken  su.h  a.nounts 
as  will  be  needed  from  time  to  time  for  repairing 
and  renewing  the  pavement  weaiin-  surface  under 
discussion  indefinitely. 

The   author's   .'ompai-ntivc   estimates   ,,t    ,|,,     ..^.t 
of  originally  constructing  each  of  the   ,,.,v,.„nM,t  sur 
faces  under  consideration  are  availabl..  i,,  a  tn,v,roi„„ 
paragraph  on  page  thirty-six.  an.l  th.-  cost  of  rvn.u" 
mg  the  surfaces  will  be  substantially  t]„.  same. 

By  consulting  the  compound  interest  tal.hs  that 
have  been  given,  we  will  find  i„  table  n-iinber  one 
the  amount  of  compound  interest  that  one  dollar  will 
produce  in  any  given  number  of  years  that  we  mav 
take  as  th.'  oiean  life  of  a   typ.-  of  pav.M.ient  surfaee 
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upon  a  ceitaiii  street.  As  this  table  gives  the  sum  of 
priiu'ipal  and  interest,  the  one  dollar  principal  must  be 
dctlucted  to  ascertain  the  amount  of  accumulated  in- 
terest separate  from  the  principal. 

By  dividing  the  cost  per  square  yard  of  renewing 
the  pavement  surface  under  consideration  by  the 
amount  of  compound  interest  that  one  dollar  will  pro- 
duce during  that  pavement's  estimated  life  we  will 
get  the  amount  of  money  that  must  be  properly  in- 
vested to  provide  for  the  permanent  maintenance  of 
that  particular  pavement  surface,  which  when  added 
to  the  original  cost  of  construction  will  give  us  the 
comparative  present  cost  of  a  permanent  pavement 
.surface  of  the  type  considered. 

For  instance,  we  have  estimated  that  a  stone- 
filled  sheet  asphalt  weari^g  surface  will  cost  $  .75 
per  square  yard  to  originally  construct  or  to  renew 
when  it  is  worn  out.  If  its  mean  life  on  a  given 
street  is  ten  years,  $  .75  per  square  yard  must  be 
spent  for  its  renewal  at  the  end  of  each  ten  year 
period  to  permanently  maintain  it  on  that  street. 

To  find  out  what  amount  of  capital  will  produce 
$  .  75  in  compound  interest  at  four  per  cent  per  annum 
every  ten  years,  we  must  divide  $  .75  by  the  amount 
of  compound  interest  that  $  1.00  will  accumulate  in 
ten  years,  which  we  find  to  be  $  .48  by  referring  to 
interest  table  number  one. 

The  cost  of  the  pavement  surface  in  question, 
$  .75  per  square  yard,  divided  by  $  .48  gives  us 
$  1 .  56  as  the  amount  of  capital  that  must  be  invested 
per  squp/e  yard  to  ta'  -are  of  the  permanent  main- 
tenance of  that  sur.  which  when  added  to  the 
cost  of  original  construction,  $  .75  per  square  yard, 
gives  us  $  2 .  31  per  square  yard  as  the  present  cost  of 
originally  constructing  and  permanently  maintaining  a 
stone-fill.Hl  .sheet  asphalt  wearing  surface  upon  the 
particular   street   under  consideration. 

The  same  wearing  surface  on  a  street  where  its 
11  ff  will  be  but  one  year  would  show  a  cost  for  per- 
manency  of   $  19.50   per   square   yard,   while    on    a 
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Street  where  its  life  would  be  twenty-five  years  the 
cost  for  permanency  would  be  but  $  1.20  per  square 
yard  An  interesting  set  of  graphs  would  result  from 
that  kind  of  a  study  of  permanency  costs. 

Calculations  to  niiutrate. 

By  using  the  foregoing  rule  for  determining  the 
present  value  of  the  original  construction  and  per- 
manent maintenance  of  each  type  of  pavement  wear- 
mg  surface,  under  given  conditions,  we  get  the  inter- 
esting results  shown  on  the  next  page. 

The  first  table  shows  the  several  permanency 
values,  using  the  comparative  durabilities  estimated  by 
the  author  for  heavy  traffic  conditions;  and  the  second 
table  shows  the  values,  using  the  durabilities  estimated 
for  residential  light  traffic  conditions. 

As  it  is  quite  certain  that  many  will  disagree  with 
these  estimates  of  durability,  the  third  and  fourth 
tables  are  compiled  to  show  the  number  of  years  each 
type  of  pavement  surface  must  endure  to  be  even  as 
economical  as  a  stone-filled  sheet  asphalt  wearing  sur- 
face that  endures  five  and  ten  years  respectively. 

To  get  the  results  shown  in  tables  three  and  four 
deduct  the  original  cost  of  each  pavement  surface  from 
the  permanency  cost  of  stone-filled  sheet  asphalt  shown 
as  having  a  life  of  five  years  in  table  three  and  ten 
years    in    table    four    respectively,    and    thereby    get 
the  amount  of  capital  available  as  an  investment  fund 
for  the  creation  of  an  interest  fund  to  permanently 
mamtam  each  of  the  other  pavement  surfaces.    Then 
divide  the  original  cost  of  each  surface  by  the  invest- 
ment fund  available  for  the  creation  of  an  interest 
fund  to  permanently  maintain  such  surface,  and  get 
the  amount  of  compound  interest  that  each  dollar  of 
the  investment  fund  must  produce  to  pay  for  the  re- 
newal of  the  surface  in  question. 

By  referring  to  the  foregoing  interest  table  num- 
ber one,  we  then  find  the  nearest  number  of  years  it 
will  take  a  dollar  to  produce  the  required  amount  of 
interest,  when  invested  at  four  per  cent  per  annum. 
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.    What  These  Fibres  Show. 

Probably  the  most  striking  point  in  the  foregoing 
tables  of  permanency  values  is  found  in  the  last  set^ 
tion.  table  lour,  Avhere  it  apj.ears  that  on  a  given  street 
If  a  stone-fUled   sheet   asphalt  wearing  surface   ;^i 
last  ten  years,  an  improved  granite  paving  block  wear 
iBg  smface  would  be  just  nineteen  cente  per  squ^e 
yard  dearer  even  if  it  lasted  forever  without  repairs 
or  re.       ^      The  sto.u.-fili..,   sheet  asphalt   .-..rnu. 
surface  can  be  originally  construct  d  and  permanent!; 
mannmned  for  that  much  per  squai.  yarS  of  present 
value  less  than  will  be  the  actual  cost  of  originalh    on 
structmg  the  improved  granite  block  surface 

On  the  sanie  street,  a  ereosoted  wood  block  wear- 
ing surface  must  last  ninety-two  and  one-quarte    and 

and  three-quarter  years  to  be    as    economical    as    the 
•one-mied  sheet  asphalt  wearing  surface  la  ting  ten 

last  but  five  years,  the  ereosoted  wood  block  surface 
must  last  nineteen  and  one-half,  the  vitnlied  pavLI 
buck  surface  must  last  eleven  and  one-quarter  and  h! 
unproved  granite  paving  block  surfa  e  tw  nty  h 
years  to  be  as  economical.  The  block  surfaces  have  no 
such  comparative  durabilities;  not  even  the  mp  oved 
granite  paving  block  surface.  "Proved 

It  should  be  borne  in  mind,  while  making  these  com- 
parisons, that  except  for  some  special  cases,  the  she^t 
asphalt  sur  aces  are  far  more  desirable  phys  cally  than 
the  block  class  of  surfaces;  and  that  thev  have  other 
points  of  financial  advantage,  such  as  the  lesser    o 
of  cleaning,  of  ...otive  power  to  traffic,  of  resuldng 
vehicular  upkeep,  and  the  greater  extent  of  horn    Tn 
dustry  involved.    Also,  one  should  not      verlook  the 
lesser  possibility  of  outside  control  wh.n  cities  lay  the 
bituminous  sheet  layer  class  of  surfaces. 

Another  item  that  we  have  not  considered  above  is 
the  re-use  of  old  wearing  surface  materails,  and  here 
u-ehave^already  noted  a  very  great  advantage  in  favor 
ot  the  sheet  asphalt  wearing  surfaces. 
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In  considering  permanency  costs,  it  should  be 
borne  in  mind  that  the  fund  invested  to  take  care  of 
the  permanent  maintenance  is  never  spent,  but  always 
remains  to  be  recovered  for  other  purposes  if  for  any 
reason  the  roadway  pavement  should  be  abandoned. 
This  is  a  matter  of  considerable  importance,  in  connec- 
tion with  which  one  should  not  lose  sight  of  the  pos- 
sible very  rapid  development  of  the  flying  machine 
both  for  commercial  purposes  and  for  pleasure. 

The  Average  Annual  Cost 

The  yearly  interest  on  the  permanency  cost,  deter- 
mined by  the  rule  that  has  been  stated,  is  the  average 
annual  cost  of  the  pavement  wearing  surface.  How- 
ever, as  many  will  prefer  to  get  at  the  average  annual 
cost  directly,  tables  showing  the  same  comparisons  as 
those  given  to  show  the  ^permanency  costs  have  been 
prepared  to  set  forth  comparative  average  annual 
costs.   The  comparative  results  are  the  same". 

The  first  and  second  tables  show  the  average  an- 
nual costs  based  on  the  author's  estimates  of  durability 
for  each  type  of  pavement  surface  under  given  heavy 
and  light  traffic  conditions.  The  average  annual  cost 
is  arrived  at  in  these  tables  by  adding  to  the  yearly 
interest  on  the  original  cost  of  construction  that  sum 
of  money  which  must  annually  be  set  aside  in  a  sink- 
ing fund  to  repay  that  original  cost  at  the  end  of  the 
estimated  average  life. 

The  third  and  fourth  tables  show  the  average 
length  of  life  that  each  type  of  surface  must  neces- 
sarily attain  in  order  to  have  as  low  an  annual  cost  as 
a  stone  filled  sheet  asphalt  wearing  surface  that  will 
last  five  years  and  ten  years  respectively  under  given 
traffic  conditions. 

It  will  be  noted  that  in  these  tables  the  average 
annual  cost  of  a  stone-filled  sheet  asphalt  wearing  sur- 
face lasting  a  certain  number  of  years,  five  years  for 
table  three  and  ten  years  for  table  four,  is  taken  as 
the  starting  point ;  and  that  the  annual  interest  ou  the 
original  cost  of  each  type  of  surface  is  then  deducted 
to  n'<-t  the  annual  amount  available  for  sinking  fund 
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purposes  in  each  case.  This  amount  annually  available 
divided  by  the  original  cost  of  the  surface,  shows  how 
much  of  this  amount  is  available  as  an  annual  sinking 
fund  for  each  dollar  of  the  original  cost. 

A  reference  to  table  six  of  interest  values  at  four 
per  cent  will  then  tell  how  many  years  it  will  require 
for  this  amount  per  dollar  of  original  cost  to  be  put  into 
the  sinking  fund  to  accumulate  one  dollar  of  the  origi- 
nal  cost,  which  number  of  years  will  be  the  necessary 
life  of  the  surface  in  question  if  its  average  annual  cost 
IS  to  be  as  low  as  that  of  stone-filled  sheet  asphalt. 

Tables  five  and  six  are  given  to  show  what  lives 
are  re(,uired  of  the  other  types  of  surface  where  stone- 
filled  sheet  asphalt  will  last  but  one  or  two  years.  The 
author  knows  of  but  few  instances  where  this  type  of 
surface  construction,  when  properly  laid,  would  have 
so  short  a  life,  but  the  calculations  are  interesting. 

Tables  1  and  2  of  Average  Annual  Cost. 


cnaracter  ot 
Pavement  Surface 

Life 

Years 

Oripnal 
Cost 

Interest 
on  O.C 

Sinking 
Fund 

Annual 
Cost 

Stone-filled 

Sheet  Asphalt . 

10 

«       75 

j  «     .03 
1         .04 

S  ()(>25 
0833 

27m 

.1874 

$  0925 

Sheet  Asphalt 

and  Binder 

-    ^              ■ — . 

10 

1  fK) 

1233 

Vitrified  Pa  vine 

Bricks  or  Blocks. 

5 

1  .50 

.Oli 

.m» 

.10 

1 

3369 

Creosoted  Wood         i 
Paving    Blocks.  . ' 

10 

2.2.5 

1     .2774 

Improved  Granite       ! 
Paving    Blocks.   1 

25 

2  .50 

.  0()00 

1600 

Stone-filled 

■  Sheet  Asphalt  .  . 

25 

$     .  75 

$     .  03 
.04 
.01) 

S.OISO 

$  0480 

Sheet  Asphalt 

and  Binder 

25 
20 
25 

1.00 
1  .50 

0240 

0640 

Vitrified  Paving 
Bricks  or  Blocks 

.  0.504 

1104 

Creosoted  Wood 
Paving  Blocks  . 

2.25 

1 
.00 

.  0540 

1440 

Improved  Granite 
Paving  Blocks. .  . 

50 

2.. 50 

.10 

.  0104 

1164 
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Cost  by  Amortuation. 

"Where  the  rate  of  interest  carried  by  the  muni- 
cipal bonds  and  tlie  rate  of  interest  realized  on  the 
sinking  fund  aeeoiint  are  substantially  the  same,  which 
they  should  be.  there  is  a  much  easier  way  of  arrivijig 
at  tlie  average  annual  cost  of  a  given  type  of  pavement 
wearing  surface  on  a  particular  street,  once  we  have 
i'orrectly  estimated  the  original  cost  and  the  period  of 
durability  of  that  surface. 

The  four  per  cent  niterest  table  numbered  five  in 
a  previous  i)aragraph  shows  the  annual  payment  that 
will  amortize  one  dollar  in  any  given  number  of  years 
from  one  to  fifty,  with  supplement  from  fifty  to  one 
hundred  years.  Uy  taking  the  figure  given  for  the  nuiu- 
bei-  of  years  corresponding  with  the  estimated  life  of 
a  partioilar  type  of  pavement  surface  on  a  certain 
Urect.  and  multiplying  it  by  the  estimated  original 
cost  of  that  surfac.  we  have  its  average  annual  cost 
on  the  street  under  consideration. 

The  following  tables  of  annual  costs  vr-  ^,(|uare 
yard  for  each  tyi)e  of  pavement  wearing  surface  have 
been  figured  by  the  above  rule  and  are  based  on  in- 
terest at  the  rate  of  foiu-  per  cent  per  annum.  They 
should  show  some  very  enlightening  comparative  re- 
sults to  the  careful  n-ader  who  is  sufficiently  interest- 
ed to  ponder  them.  It  will  be  noted  that  the  items  in 
these  tables  check  with  tiie  results  in  the  former  tables 
of  permanency  costs  and  average  annual  costs;  but 
giv.'  a  much  more  ready  means  of  comparing  the 
values  of  the  several  types  of  pavement  surfaces. 

Till-  lihickfacc  ti-iircs  with  tlie  letters  A,  B,  C,  D  E 
F,  G,  and  H  placed  opposite  are  to  indicate  approxim- 
ately the  same  average  annual  cost  for  each  of  the 
pavement  surfaces,  showing  up  readily  the  number  of 
years  of  average  life  each  surface  must  have  in  order 
♦o  be  as  economical  as  the  others.  A  separate  state- 
iiH'Ht  uf  tl  r  items  spioctod  out  of  the  amortization  table 
by  these  letters  follows  said  table,  and  shows  up  some 
very  startling  contrasts. 
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Table  of  Oort  by  Amortisation. 


I     Stone- 
filled 
Liie        .Sheet 
in      I    A»phalt 

I  .75 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
U 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

SO 


55 
60 
65 
70 
75 
80 
85 
90 
95 
100 


I  .7800 
.3976 
.2703 
.2066 
A  .1685 
.1431 
.1250 
.1114 
X  .1009 
B.0925 
.0856 
.0799 
.0751 
.0710 
C.0675 
.0644 
.0616 
.0592 
.0571 
D  .0552 
.0535 
.0519 
.0505 
.0492 
E  .0480 
.0469 
.0459 
.0450 
.0442 
F  .0434 
.0426 
.0420 
.0413 
.0407 
G  .0402 
.0397 
.0392 
.0387 
.0383 
H  0379 
.0375 
.  0372 
.0368 
.0365 
0362 
.  0359 
.0356 
.0354 
.0351  j 
0349 


Sheet 
Asphalt 

and 
Binder 

11.00 


SI. 0400 
.5302 
.3603 
.2755 
.2246 
.1908 

A  . IwOD 

.1485 
.1345 
.1233 
.1141 
.1066 
.1001 
B.0947 
.0899 
.0858 
.0822 
.0790 
.0761 
.0736 
.0713 
.0692 
C.0673 
.0656 
.0640 
.0626 
.0612 
.0600 
.0589 
.0578 
.0569 
.0559 
D  .0551 
.0543 
.  0536 
.0529 
.0522 
.0516 
.0511 
.0505 
.0500 
.0495 
0491 
.0487 
.0483 
E  0479 
.0475 
.0472 
.0469 
.0466 


.0339 
.  0332 
.  0325 
.  0321 
0317 

.a3i4 

.0311 
.0309 
.  0307 
.0306 


.0452 
.  0442 

F  .0434 
.0427 
.0422 
.0418 
.0415 
.0412 
.0410 

G    0408 


Vitrified 
Paving 

Bricks  or 
Bkxkt 

II.  50  J 


SI  3600 
.7953 
5405 
.4132 
.3369 
.2861 
.2499 
.2228 
.2017 
.1849 
A  1712 
.1598 
.1502 
.1420 
.1349 
.1287 
.1233 
.1185 
.1142 
.1104 
.1069 
.1038 
.1010 
.0984 
0960 
.0939 
B  0919 
.0900 
.0883 
.0867 
.0853 
.  0839 
.0827 
.0815 
.0804 
.  0793 
.0784 
.0774 
.0766 
0758 
0750 
.  0743 
0736 
0730 
.  0724 
.0718 
.0713 
.070S 
.  0703 
.  (VJiiS 


C  .06V8  , 

.(W()3  ! 
.OOSl  i 

.(MMi  ; 
mm  ! 

.0627  I 
0()22 
.0618 
.(WIS 
.0612  I 


Creoaoted 
Wood 
Paving 
Blocks 

S2.25 


B 


12.3400 
1.1929 
.8108 
.6199 
.5054 
.4292 
.3749 
.3342 
.3026 
.2774 
.  25<)8 
.2397 
.225.1 
.2130 
.2024 
.1931 
.1849 
.1777 
.1713 
A.  1656 
.1604 
.1557 
.  1514 
1476 
.  1440 
.1408 
1378 
.1350 
1325 
.1301 
.1279 
.1259 
.1240 
.  1222 
.1205 
.1190 
.1175 
.1162 
.1149 
.1137 
1125 
.  1115 
.  1 105 
1095 
1086 
.1077 
1069 
.  10«)2 
.  1054 
1047 
.  1018 
.  0{)«5 
.0976 
,  0962 
.0950 
.0941  1 
.0933 
0927 
.0923  I 
.0918  I 


Improved 
Granite  . 
Paving  * 
Blocks  J, 

12.50 


S2.6000 
1.3254 
.9009 
.6887 
5616 
.4769 
4165 
3713 
.  ;«62 
.3082 
.28.56 
.2664 
.2504 
2367 
.  2249 
2146 
.2055 
.1975 
.1903 
1840 
.1782 
.1930 
\  .1683 
.1640 
.1600 
1564 
1531 
1500 
.1472 
.  1446 
.  1421 
.1399 
.  1378 
.  13.58 

.  i;«9 

.  1322 
.  l.J0«> 
1291 
1277 
1263 
.12.50 
.  1238 
1227 
1217 
.  1207 
1197 
.1188 
.  1  ISO 
1171 
.1164  I 
1131  I 
1 105  I 
. 1085  : 
.  1069 
.  10.5(3  ' 
.W'i   I 
. 10o7  I 
. 1030  I 
.  102")  I 
■  1020  1 


Life 

in 

Years 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

.50_ 

55 

60 

65 

70 

75 

80 

85 

90 

95 
100 


It  IB  seen  from  th«  above  tables  that  if  an  im- 
^  !^^     ^"^  ^^°"^  ''^'"^  '^'^  wiU  last 

Z.l^^  ^!r  ?""  *  ^^'"^  '*"**  ^'^^^  "pair  or 
Tm^tl''  »^1 -l^htly  more  expensive  than  a  stone- 
fiUed  sheet  wphalt  wearing  surface  that  will  last  but 
rune  years  on  the  same  street;  in  fact,  when  other 
ekMuents  besides  the  original,  repair  and  renewal  costs 
are  considered,  the  cost  of  cleaning  for  instance,  it  will 
»)«■  considerably  more  expensive. 

TABLE  SHOWING  ELIMINATIONS 

References:  A     B    C    I)    E    L     G     H 

The  Average  x^t23g;S§     2 

Annual  Cost   ....     ^oggSSq     § 

Stone-filled         '  ' 

Sheet  Asphalt  .  .  5  10  15  20  25  30  35  40  years 
Sheet  Asphalt 

and  Binder  ....  7  14  23  33  46  65  100  •  years 
Vitrified  Paving 

Bricks  or  Blocks  11  27  55  •  •  •  •  •  years 
Creo.soted  Wood  ^'    ' 

Paving  Blocks        20  90     *     *     *     «       •     •  years 

Improved  Granite 

Paving  Blocks        23     •     •     •     ♦     *       -     •  years 


In  the  table  sho  ing  eliminations,  which  is  compiled 
from  the  table  of  cost  by  amortization,  the  stars  indi- 
cate that  the  pavement  surfaces  they  are  opposite  could 
not  have  as  low  an  average  annual  cost  per  square 
yard  as  a  stone-filled  sheet  asphalt  wearing  surface  that 
will  last  the  number  of  years  stated  opposite  the  latter 
surface  at  the  head  of  the  column  even  if  such  other 
surfaces  would  last  forever  without  repair  or  renewal. 

It  will  be  noted  that  if  the  stone-filled  sh-et  asphalt 
will  last  ten  years,  granite  block  is  c  ■  ^/It-tly  elimi- 
nated, and  wood  block  must  last  nine+y  year?  if  it  will 
last  fifteen  years,  both  granite  ar  w'>  i  block  are 
eliminated,  and  brick  must  last  fiity-fve  years;  if  it 


will  last  twenty  years,  granite,  wood  and  brick  are 
ehininated,  and  sheet  asphalt  and  bi-der  must  last 
thirty-three  years;  if  it  will  last  twentv-five  years 
sheet  asphalt  and  binder  must  last  fortv-six  vears-  if  it 
will  last  thirty  years,  sheet  asphalt  an.i  ui,.i..;.  „.,,;  i^.t 
sixty-five  years;  if  it  will  last  thirtv-five  vears  sheet 
«sphalt  an.)  J,i,„ler  must  last  „„..  hun.l,...l\  .,ns  .,..1 
If  It  will  last  forty  years,  sheet  asphalt  an.l  bin.ler  would 
have  a  higher  average  aniuial  cost  even  if  tha.  surfa.-o 
lasted  forever  without  repair  or  renewal.  At  the  ure 
of  forty,  a  stone-fiUed  sheet  asphalt  surface  has  elimi- 
nated all  the  other  surfaces. 

When  we  consider  that  the  I)e  Sales  Street  sur- 
face ,n  Washington.  D.  C,  which  is  a  mixture  very 
similar  to  the  stone-filled  sheet  asphalt,  has  already 
lasted  forty-one  years,  it  does  seem  that  the  argument 
of  what  type  of  surface  to  use  on  most  residential 
streets  should  be  about  closed. 

Pavement  Cost  Data. 

There  are  very  few  pavement  cost  data  of  anv  real 
value  in  existance  to-day.  In  most  cases,  no  atiempt 
whatever  has  been  made  to  keep  them,  and  in  those 
cases  where  a  sincere  effort  in  this  direction  has  been 
made,  the  results  are  vitiated  by  one  or  more  causes 
over  which  the  official  keeping  the  records  has  in  most 
ear   ^  had  little  or  no  control. 

All  records  of  past  performances  must  be  read  in 
<•  '  light  of  present  knowledge  of  altered  conditions 
m  the  performers,  and  with  a  recognition  of  the  merits 
of  the  new  competitors  in  the  field.  All  things  change 
At  least  some  slight  improvement  in  pavement  con- 
struction IS  made  each  year;  and  traffic  conditions 
are  constan.ly  becoming  more  severe.  Even  the  caliber 
of  city  officials  and  public  contractors  is  improving 
with  the  spirit  of  the  times. 

The  most  corrupting  influence  upon  the  gathering 
of  past  pavement  data  has  been  the  political  situation 
for  where  the  city  engineer  depends  upon  a  politician 
for  his  tenure  of  office,  and  the  politician  either  is  the 
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contractor  or  is  dependent  upon  f)  .,  ,  ractor  for  \u< 
campaign  funds,  the  vicious  circle  is  complete  and  the 
engineer  is  in  bondage.  Add  to  this  the  political  in- 
spector and  the  corrupting  force  of  the  present  com- 
petitive system,  and  the  picture  is  complete.  It  should 
not  surprise  one  that  many  of  our  pavements  are  poor. 
The  future  promises  better  pavement  cost  data 
To-day,  for  the  first  time,  really  good  f.jivements  are 
being  laid  as  a  rule  and  not  as  the  exception  in  many 
of  our  cities,  and  the  ha'uit  is  spreading. 

The  knowledge  that  the  original  construction  was 
properly  conducted  is  the  matter  of  first  importance 
if  our  cost  data  are  to  be  of  any  value.  Then  w  must 
know  the  cost  of  the  wearing  surface  separate  from 
the  cost  of  the  concrete  foundation,  and  must  be  able 
to  deduct  the  cost  of  other  items  that  do  not  enter  into 
the  matter  of  surface  economy. 

A  card  index  system  is  pro])ably  the  best  method 
of  keeping  pavement  cost  data.  A  separate  car.!  should 
be  entered  for  each  block  of  pavement,  and  a  separate 
card  for  each  intersection.  The  number  of  s-iuare  vanl.>- 
of  surface  laid  and  the  cost  per  square  yard,  with  dates- 
and  other  data,  should  be  entered  on  these  cards,  and 
as  repairs  are  made,  the  date,  yardage  and  cost  of  these 
should  be  entered  also,  either  on  the  same  card,  or  on 
a  separate  eard  to  be  filed  with  it.  preferably  lo.-atinjj 
the  repairs  with  a  diagram  on  such  separate  cards. 

When  it  becomes  necessary  or  desirable  to  renew 
the  pavement  wearing  surface,  its  actual  annual  aver- 
age cost  should  be  figured  in  the  manner  illu.strated 
in  the  folloAving  paragraphs. 

Calculating  the  Annaal  Cost. 

It  must  be  clear  to  everyone  who  gives  the  matter 
a  moment's  thought  that  no  true  basis  for  determining 
the  actual  average  annual  cost  of  a  pavement  wearing 
surface  can  be  reached  until  all  the  debits  and  credits 
have  been  reduced  to  a  common  factor  of  time,  for  it 
is  evident  that  it  costs  more  to  spend  a  Jollar  to-day 
and  pay  four  per  cent  interest  on  it  for  the  next  ten 
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v.fiis  than  to  sp*'ii(|  tliMt  .lollar  at  the  ."mi  of  the  ten 
year  period,  .siiire  in  the  latter  cas.-  we  have  saved  the 
int.  !  est  value  for  that  length  of  time. 

There  are  two  cf|ually  pood  ways  of  arriving  at 
fho  actTial  average  annual  cost  of  a  street  pavement 
M  eanng  surfaee  that  has  become  a  matter  of  history. 
We  ean  either  discount  all  the  later  expenditures  and 
receipts  on  its  account  to  the  time  of  its  laying,  and 
Mork  on  that  figure  as  a  basis;  or  we  may  compound 
interest  upon  all  the  debits  and  credits  to  the  time  of 
its  removal.  :md  by  usiiitr  the  proper  method,  secure 
exactly  the  same  accurate  result'. 

Tn  the  first  case,  to  the  original  cost  of  the  pave- 
ment wearing  surface  rnu.st  be  added  the  cost  of  each 
year's  repair  bill  discounted  to  the  time  of  the  laying 
of  the  pavement  surface,  from  which  amount  must  be 
subtracted  the  salvage  vajue  of  the  old  materials  at 
the  time  the  surface  is  removed,  also  discounted  to  the 
time  of  the  laying  of  the  surface,  which  gives  us  the 
original  cost  value.  Inter.st  table  number  two  shows 
the  discounts  of  one  <lollar.  and  by  using  this  table, 
the  figures  are  easily  made. 

When  the  original  cort  value  lias  been  determined, 
it  should  be  reduced  to  a  unit  basis  by  dividing  the 
total  by  the  number  of  scpjare  yards  of  surface  under 
consideration.  Interest  table  number  five  will  give  us 
the  annual  cost  of  amortizing  one  dollar  in  the  number 
of  years  that  the  surface  has  remained  on  the  street, 
so  by  multiplying  this  figure  by  the  original  cost  value 
per  square  yard,  we  arrive  at  the  real  average  annual 
cost  per  square  yard. 

The  other  way  of  arriving  at  the  same  result  is 
by  compounding  intere.>*t  on  the  original  cost  of  the 
pavement  surface,  and  on  each  year's  repair  bill,  from 
he  time  of  the  expendituie  until  the  time  of  the 
r-jmoval  of  the  surface,  and  deducting  from  this 
amount  of  principal  and  interest  the  salvage  value  of 
the  removed  wearing  surface.  Interest  table  number 
'■■no  sh;;ws  the  compounded  value  of  one  doiiar  and 
interest  for  the  number  of  years  desired. 
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When  the  final  cost  valui-  has  been  determiiiod  by 
this  method,  it  should  also  bo  lediH'ed  to  a  unit  basis 
by  dividing  the  total  by  the  number  of  square  yards 
of  surface  under  consideration.  Interest  table  number 
six  will  then  give  us  the  annual  cost  of  a  sinking  fund 
that  will  create  a  dollar  in  the  number  of  years  that 
the  surface  has  remained  on  the  street,  and  by  mul- 
tiplying this  figure  by  the  final  cost  value  per  square 
yard,  one  arrives  at  the  same  real  average  annual  cost 
per  i.juare  yard  deteimined  by  the  first  method. 

The  Dual  Cost  Systems. 

P  r  example,  we  will  take  the  stone-filled  sheet 
asphalt  type  of  pavement  wearing  .sun  i-e,  and  assume 
the  following  as  the  fictitious  history  of  the  case. 

One  thou.santi  .square  yards  of  surfa-e  were  laid 
on  a  given  street  in  the  year  nineteen  hundred  at  a 
cost  of  seventy-five  cents  per  square  yard. 

In  the  laying,  two  burnt  ^  hes  were  used,  and 
it  was  necessary  to  inake  t.-n  s(i  are  yards  of  repairs 
at  one  location  in  the  year  iiineteen-one. 

Wear  hoh's  began  to  afipear  after  the  tenth  year, 
and  in  the  year  nineteen-eleveii  it  was  necessary  to 
repair  fifty  .square  yards  of  surface. 

In  nineteen-thirteen,  one  hundred  and  fifty  square 
yards  had  to  be  relaid  for  the  same  reason,  and  in  the 
year  nineteen  fifteen  it  was  thought  advisable  to  take 
up  tlie  entire  one  thousand  square  yards  and  relay  it. 
The  small  repairs  all  cost  at  the  rate  of  one  dol- 
lar per  square  yard;  and  when  the  old  surface  was 
removed  from  the  street  and  hauled  to  the  plant,  the 
materials  thereof  were  estimated  to  have  a  salvage 
value  of  twenty-five  cents  i)er  square  yard,  which  was 
are''.ited  to  the  street  and  debited  to  the  special  ac- 
count kept  of  work  performed  with  old  materials. 

In  making  the  allowance  for  the  old  wearing  sur- 
face materials,  it  was  taken  into  con.sideration  that 
to  otherwisr  di.spose  of  tliem  would  have  required  a 
longer  haul  and  the  payment  of  a  duu.p  charge  at 
the   destination. 
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Dual  Cost  Systems: 

Cost  of  oriKinally 
constructing  1,(KJ0  square  yards 
of  stone-filled  sheet  asphalt 
wearing  surface  in  the  year  1900 
at  $  .  75  per  square  yard — 
With  no  interest  discount    .... 
With  compound  interest  to  1915 

Cost  of  repairing 
•  10  square  yards  in  the  year  1901 
at  $  1 .  (K)  per  square  yard — 
With  interest  discount  to  1900. 
With  compound  interest  to  1915 

Cost  of  repairing 
50  square  yards  in  the  year  1911 
at  J  1 .  00  per  square  yard — 
With  interest  discount  to  liKK). 
With  compound  interest  »o  1  )15 

Cost  of  repairing        . 
150  square  yards  in  the  year  1913 
at  $  1 .  00  per  square  yard— 
With  interest  discount  to  MMK). 
With  compound  interest  to  1015 

Total  debits 


Credit  for  l.tMX)  square 
yards  of  old  wearing  surface 
materials  hauled  to  the 
paving  plant  in  1915,  for  re-use, 
at  f  .25  per  square  yard — 
With  interest  discount  to  1900 
With  no  compound  interest,  1915 

liJOO — Total  original  cost  value 
1915    Total  final  cost  value  . . . 

Total  square  yards  1.000 

1900— Cost  per  square  yard   ,  . 
1916 — Cost  per  square  yard  . . 

Multiplied  by  annual 
cost  of  amortizing  S  1 .  00  in 
fifteen  years,  taken  from  amor- 
tization table  number  five  on 
page  thirty-four  

Multiplied  by  annual 
smkmg  fund  payment  required 
to  produce  $  1.00  in  fifteen 
years,  taken  from  sinking  fund 
table  number  six  on  page 
thirty-four  

Averafte  annual  cosr  . . . 


Original 
Cost 
Value 


S  750.00 


Final 

Cost 

Value 


9  t)2 


32.48 


90.09 


$  882. 19 


$1,350.  70 


17.32 


58.  49 


lti2  24 

1.588  7.-> 


132. 82 


f  743.37 


$  743.37 

S         .7434 
I 


.0899 


250.00 

$1,338.75 

'    $1,338.75 

I 
.     $       1 . 3387 


.(M99 


06«8 


.0668 


It   will   be   noted    that   eith 
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er  system   of  figuriiip 


brings   the   saiiu-   rosult.   and   that    tht;    lato   1 
stonc-filU'd   sheet    asplialt 


street  in  (|uestion  has  cost  on  the 


wearinjr     siirfj 


lec 


anienti-d 
on     the 


avera),'e  $  .0(i()S  per 


t'cn  y.'ars  tliat    it 


s((nare  yard   per  aniiiiiii   for  llie   lift 
remained  with  us. 

If  such  ijiformation  were  available,  we  niiirlit  aiid 
to  this  the  annual  eost  of  eleaninjr  per  srpiare  yar.l, 
whieh  wonhl  be  lower  for  a  sheet  asphalt  wearing  sur- 
faeo  than  for  any  other:  but  reliable  fi-ures  on  this 
point  are  very  difficult  to  secure  at  the  present  time, 
and  evidently  would  not  change  our  conclusions. 

The  other  factors  of  real  cost  would  nut  add   a 

very  iniimsinK  fifiur..  to  that  already  at  hand,  and  are 

not   even   as   available   as   the   figures   extant   on    the 

costs    of   celaning.      The    a.i vantages    of   one    surfaee 

over  another  in   the  eost  n[  power  to  traffie.  ei.st   of 

resulting  vehicular   upkeep,  extent   of  lioiih-   industry 

and  possible  outside  control  of  i.rodnetion  should  not 

be  lost  sight  of,  however,  even  if  they  add  but  slightly 

to  the  annual  eost  of  street  transportation  viewed  in 

the  broader  sense. 

There  are,  of  course,  many  other  angles  to  this 
problem.  Was  the  surfaee  removed  at  the  most 
economical  time?  for  instance.  Would  the  average 
annual  cost  be  reduced  by  lemoving  it  a  few  years 
later?  or  sooner?  Also,  still  greater  accuracy  can  be 
had  by  figuring  each  expenditure  to  the  day  instead 
of  to  the  year;  but  the  author  does  not  think  the  addi- 
tional work   warranted. 

Good  Asphalt  Pavement. 

The   essentials   of  a    good    asphalt    pavem.Mit   are: 
A  solid,  well  drained  sub-base. 
A  standard  Portland  cement  concrete  foundation. 
No  intermediate  binder  course  or  paint  coat. 
A  high  grade  asphalt  cement,  from  any  source. 
A  standard  or  stone-filled  sheet  asphalt  wearing 
surface,  scientifically  graded  and  proportioned 
and  prnjierly  mixed  and  lai<l.  one  and  one-half,  two,  or 
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two  and  one-half  inches  iu  thickness,  but  uniformly  of 
the  thickness  chosen,  placed  directly  upon  the  concrete 
foundation  and  shoveled  into  position  and  thoroughly 
,    raked  out  before  being  rolled  to  a  true  surface. 

Four  inches  of  concrete  will  sometime  be  sufficient 
upon  residential  or  light  traffic  roads  and  streets 
that  have  a  good  sub-base,  or  even  an  average  three 
inches  as  a  concrete  capping  will  sometimes  serve 
heavy  traffic  when  the  sub-base  is  a  good  old  Telford 
macadam  roadway.  The  standard  is  six  inches,  and 
It  IS  possibly  best  to  adhere  to  this  thickness  unless 
there  seems  special  reason  for  doing  otherwise. 

The  surface  of  the  concrete  foundation  should  be 
true  to  line  and  grade  with  not  more  than  one-half 
inch  variation  allowed;  but  the  surface  should  be 
carefully  roughened  in  a 'uniform  manner  so  as  to 
give  the  asphalt  wearing  surface  the  best  possible 
latteral  support.  Variations  greater  than  one-half 
inch  are  undesirable  in  the  thickness  of  the  asphalt 
wearing  surface;  though  this  of  course  does  not  in- 
clude the  occasionally  greater  projections  and  depres- 
sions due  to  the  careful  roughening  of  the  surface  of 
the  Portland  cement  concrete  foundation. 

While  two  inches  is  the  standard  thickness  for  a 
stone-filled  sheet  asphalt  wearing  surface,  one  and  one- 
half  inches  have  been  used  to  advantage  on  residential 
light  traffic  roads  and  streets,  and  two  and  one-half 
inches  are  probably  advisable  on  some  heavy  tiaffic 
streets.  It  should  be  borne  in  mind,  however,  that  an 
asphalt  wearing  surface  is  but  the  carpet;  the  con- 
Crete  foundation  is  the  pavement  proper  that  is  f>ro- 
tected  and  made  suitable  for  traffic  by  .sueli  earpet. 

A  too  great  thickness  of  asphalt  wearing  surface 
is  of  no  advantage,  as  it  only  tends  to  develop  uneven- 
nesses  more  raj.dly,  and  is  more  difficult  and  more 
expensive  to  repair.  The  difference  in  original  cost 
between  a  thicker  and  a  thinner  surface,  and  the  com- 
pound  interest  thereon,  can  always  be  used  to  advan- 
tage later,  even  if  it  is  in  making  earlier  repairs  to 
the  thinner  surface  than  a  thicker  might  refjuire. 
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When  a  good  asphalt  pavement  is  laid,  a  guarantee 
or  maintenance  bond  is  not  needed.  In  these  days  of 
independent  and  competent  chemical  engineers  and 
paving  specialists,  it  is  within  the  power  of  every  city 
to  know  whether  the  pavement  it  is  buying  is  what 
it  should  be.  The  cost  of  a  bond  is  really  the  price 
of  incompetence  or  indolence  on  the  part  of  the  of- 
ficial in  charge.  At  its  best,  it  is  but  a  poor  substitute 
for  honest  inspection. 

The  So-Called  Binder  Course. 

The  author  has  never  been  able  to  locate  or  ac- 
quire a  legitimate  reason  for  the  laying  of  the  so-called 
binder  course  between  a  concrete  foundation  and  a 
sheet  asphalt  wearing  surface.  The  name  is  certainly 
a  misnomer  for  the  one  inch  thickness  oi  crushed  stone 
coated  with  asphalt  cement,  since  this  material  does  not 
and  can  not  bind  anything. 

When  the  so-ealled  binder  course  is  laid  upon 
the  concrete  foundation,  it  does  not  adhere  to  it  anv 
more  than  does  a  sheet  asphalt  wearing  surface  laid 
thereon  direct;  which  is  not  at  all.  In  fact,  if  it  did 
actually  bind  anything,  that  alone  would  be  a  siif- 
ficient  reason  for  not  laying  it;  as  such  a  bin  ling 
would  be  very  undesirable  from  the  maintenance  point 
of  view,  and  entirely  unneces.sary  for  any  other  ren- 
son  that  has  yet  been  advanced. 

The  sheet  asphalt  wearing  surface  at  once  binds 
or  adheres,  by  heat  fusion,  to  the  so-called  binder 
course  as  soon  as  it  is  laid  thereupon;  and  then  the 
binder  courae  becomes  a  permanent  part  of  the  sheet 
a.sphalt  surface,  and  a  very  undesirable  part. 

The  open  binder  course  formerly  used  was  found 
to  be  an  actual  source  of  weakness,  so  in  recent  years 
it  has  been  strengthened  by  a  filling  of  sand  that 
makes  it  really  an  asphaltic  concrete  intermediate 
course  tbiit  would  act  as  a  wearing  surface  by  itself: 
though  it  would  not  be  a  very  good  one.  At  its  best, 
it  is  ii  Mitulithic  surface  covered  over  with  sheet  as- 
pb>ilt  mixture  to  keep  it  from  wearing  out. 
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As  tliis  book  goes  to  press,  it  is  interesting  to  note 
tliat  the  Borough  of  Manhattan,  New  York  City, 
after  making  some  investigations,  has  deteriained  to 
lay  several  miles  of  sheet  asphalt  pavement  during  the 
present  season  without  the  so-called  binder  course 
between  the  concrete  foundation  and  asphalt  surface. 
Mr.  E.  W.  Stern,  Chief  Engineer  in  charge  of  High- 
ways, has  recently  advised  the  author  to  that  effect. 

The  Naphtha  Paint  Coat. 

Neither  is  the  paint  coat  that  is  sometimes  used 
on  the  concrete  foundation  before  the  sheet  asphalt 
v?earing  surface  is  laid  a  desirable  thing,  though  this 
usually  appeals  to  the  layman  paver.  While  it  actually 
accomplishes  a  binding  that  the  so-called  binder 
course  does  not,  as  before  stated,  such  a  binding, 
of  the  wearing  surface  to  the  foundation  is  unneces- 
sary and  actually  undesirable  in  the  case  of  a  gooil 
sheet  asphalt  pavement. 

There  is  no  force  that  tends  to  pull  a  sheet  as- 
pimlt  wearing  surface  from  its  foundation  until  the 
pick  in  the  hands  of  a  repair  man  is  applied;  and 
then,  the  easier  it  comes  up  the  less  expensive  is  the 
operation.  Neither  a  binder  course  so-called,  nor  a 
paint  coat,  ever  prevented  an  asphalt  wearing  surface 
from  shoving.  They  are  both  more  likely  to  help  the 
shoving  along.  It  has  been  said  the  first  acts  as  roller 
bearings ;  the  second  as  a  lubricant. 

It  is  necessary  to  look  to  other  sources  to  find 
the  real  causes  of  shoving  or  creeping  in  a  sheet  as- 
phalt wearing  surface  mixture.  Poor  sand  grading 
and  an  insufficiency  of  filler  are  not  the  least  of  such 
causes.  The  uniform  roughening  of  the  surface  of  the 
concrete  foundation  will  do  much  to  prevent  even  a 
poorly  constructed  sheet  asphalt  wearing  surface  from 
shoving,  and  is  also  a  distinct  advantage  in  the  case 
of  the  best  type  of  surface. 

A  naphtha  paint  coat  to  hold  a  thin  bituminoiis  top 

dressing  upon  a  cement  concrete  road  may  function- 
for  tills  dressing  is  an  uncertain  (juantity  at  its  best, ' 
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The  Fine  Stone  Filling. 

A  standard  sheet  asphalt  wearing  surface  mixture 
IS  composed  of  about  seventy-three  per  cent  graded 
sand,  fifteen  per  cent  stone-dust  or  other  filler  there- 
for, and  twelve  per  eent  hit.imen  content  of  asphalt 
cement.  If  one  adds  to  this  mixture  enough  clean 
quarter-m,h  stone  chips,  in  sizes  ranging  from  one- 
half  n.eh  in  the  greatest  dimension  down  to  one-tenth 
inch,  until  the  stone  chips  form  about  thirty  per  cent 
ol  the  total  mixture,  it  is  the  author's  opinion  that  the 
resulting  pavement  surface  will  be  improved. 

The  stone  chips  in  the  mixture,  to  an  extent  not 
<xcH..d,„p  thirty  per  cent  that  will  be  held  on  a  ten 
mesli  sieve,  .-nul  in  size  not  greater  than  one-half  inch 
V'lli  act  .-s  :i  reinforcement  to  the  mixture;  hardening 
the  pavement  surface  so  that  traffic  will  not  be  im- 
p.-de.|  l.y  sinking  slightly  into  it  .ven  in  very  warm 
v^'^at'„r.  and  hindering  the  mixture  from  shoving  or 
creeping  ,f  ihere  is  a  tendency  that  way.  The  stone 
chips  also  make  the  surface  presented  for  traflPic  more 
gritty,  and  therefor  less  slippery  in  wet  weather. 

A  rough  statement  of  the  ingredients  of  the  types 
of  sheet  asphalt  wearing  surface  is  about  as  follows: 

Sheet  Asphalt  Wearing  Surface-       ^*^""       '"^^on^- 
,     ,    ,    ,,  dard        filled 

Asphalt  (  ement.  Bitumen  eontenl       ]^%         107 

;:'"T^"'*^  ^'''    '■ ^^'^         10% 

*"'"^'^^1  '^«'"'       73%         50% 

Nt..ne  Hups.  i.,-in,h  down   ......       00%         30% 

Total   Paving   Mixture   100%       100% 

It  is  only  a  co-incidence,  but  a  very  interesting 
one,  that  when  a  standard  sheet  asphalt  wearing  sur- 
face, with  the  .so-called  binder  course  attached,  is  taken 
up,  remelted  and  remixed,  the  result  is  a  reasonably 
good  stone-filled  sheet  asphalt  mixture.  The  binder 
stone  is  usually  three-. |uarter  instead  of  one-half  inch 
in  its  largest  dimen.sion ;  and  if  the  standard  surface 
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was  very  old,  the  asphalt  cement  will  be  somewhat  too 
hard  and  in  need  of  a  fluxing  agent.  In  some  cas.^s,  no 
additions  whatever  are  reciuil-ed. 

If  instead  of  crushing  the  old  standard  wearing 
surface  into  small  lumps  by  hand  prior  to  remelting  it, 
a  suitable  disintegrator  is  used,  the  binder  stone  will 
bo  broken  to  a  more  satisfactory  size  in  the  operation. 
It  makes  very  good  mixture  by  the  hand  breaking  pro- 
cess, however,  and  the  author's  first  experience  with 
stone-filled  sheet  asphalt  wearing  surface  was  gained 
through  producing  mixtures  for  winter  repairs  in  this 
manner.  In  one  case,  the  old  surface  was  taken  from 
the  trench  opening  over  which  the  new  stone-filled  sur- 
face, made  from  the  old,  was  laid ;  and  the  two  mix- 
tures remained  side  by  side  under  constant  observation 
for  several  years.  < 

Fortunately,  the  so-called  binder  course  has  never 
been  used  to  any  extent  under  stone-filled  sheet  asphalt 
wearing  surfaces;  for  instead  of  improving  them  in  the 
remaking,  the  surplus  of  stone  would  ruin  them,  mak- 
ing something  like  a  bituminous  macadam  surface.  The 
separation  of  the  binder  course  from  the  wearing  sur- 
face is  a  practical  impossibility,  and  no  one  would  at- 
tempt it  with  the  paving  equipment  now  known. 

Asphalt  at  the  Oar  Rail 

Some  think  that  a  sheet  asphalt  wearing  surface 
can  not  be  smjcessfuUy  laid  abutting  a  street  car  rail. 
If  the  rail  construction  is  light  and  the  work  of  laying 
poorly  done,  this  is  quite  true.  It  is  also  true  in  the 
case  of  every  other  kind  of  pavement  surface. 

When  heavy  rail  construction  is  used,  and  the  ties 
well  bedded  in  concrete  or  broken  stone,  sheet  asphalt 
can  be  laid  abutting  the  rail  and  maintained  there  on 
most  streets  at  a  lower  average  annual  cost  per  square 
yard  than  any  other  type  of  pavement  surface.  The 
work  niust  ])e  done  properly,  however,  and  in  accord- 
ance with  well  known  principles. 

The  correct  form  of  construction  abutting  a  car 
rail  is  to  first  parget  the  side  of  the  rail  with  cement 


mortar  or  other  suitable  fillmg  material  so  that  it  will 
have  a  perpendicular  side  from  the  edge  of  its  head  or 
l.p  to  the  base  of  the  rail.  The  concrete  foundation 
should  be  laid  abutting  this  perpendicular  side  with- 
out any  attempt  to  form  a  bond,  and  should  be  slightly 
depressed  at  the  rail  to  allow  a  slightly  greater  thick- 
ness of  wearing  surface  at  this  point.  The  sheet  asphalt 
weaniig  surface  should  then  be  laid  as  nearly  as  pos- 
sible Hush  with  the  top  of  the  rail,  a  cushion  of  the 
mixture  being  first  tauiped  in  place.  The  last  t^^  o  itei.is 
are  ot  considerable  importance. 

It  would  be  an  improvement  to  paint  the  pargeted 
Side  ot  the  rail  with  asphalt  cement  before  placing 
either  the  concrete  foundation  or  asphalt  wearing  s,„- 
face  against  it.  As  in  laying  a  sheet  asphalt  wearing 
surface,  however,  it  is  the  custom  to  paint  all  abutting 
surfaces  with  asphalt  cement  just  before  placing  the 
wearing  surface  mixture  against  them;  it  is  onlv  neces- 
sary to  s.-e  tliat  tiiis  regulation  painting  is  done  par- 
ticularly Avell  at  tlic  car  rails. 

As  s*,f.n  .ns  the  cars  pass  over  a  section  of  track 
apamst  which  a  sheet  asphalt  wearing  surface  has  been 
liHd.  a  separation  appears  along  the  side  of  the  rail 
This  reaches  a  certain  unobjectionable  sta-e  and  th..n 
usually  does  not  increase  furthe,  The  main  idea  of 
having  the  side  of  the  rail  pargeted  to  a  perpendicular 
line  IS  so  that  as  the  rail  .lopresses  under  the  weight  of 
the  passing  car,  though  the  action  be  eve.'  so  sli.rht  it 
will  take  down  with  it  neither  the  paH.n.nt  surface 
nor  the  pavement  foundation. 

When  the  construction  woi-k  is  caref' "  >  -;,  ne 
no  appiveiable  amount  of  moi.sture  will  pei  ^i^te  'ar 
iMto  this  perpendicular  joint  along  the  side  of  tb-  rail 
!  Ii"  ;>sphalt  cement  paint  will  add  to  the  waterproof- 
in-  of  this  joint,  however,  and  make  certain  that  there 
Will  be  no  bond  between  the  pargeting  and  the  pave- 
ment foundation.  Even  if  the  rail  should  sink  .mi,  i,„.h 
or  so.  if  the  work  is  done  as  described  th.re  is  no  rea- 
son why  the  pavement  .should  not  .emain  i„  ,>h and 

wnsluittcTvd  bv  the  sinkin<r  oi'  the  rail. 


Asphalt  at  the  Curb  Line. 

In  some  cities,  it  is  the  eustoin  to  lay  biirk  ijiitters 
on  streets  that  are  to  be  paved  with  sheet  asphalt :  and 
oecasionally  cement  gutters  have  been  used.  This  is 
done  on  the  theory  that  brick  and  eeiiient  do  not  de- 
eoinpose  from  the  moistuie  that  is  likely  to  collect  and 
remain  in  a  defective  or  nncared  for  gutter. 

Where  streets  are  not  properly  cleaned,  so  that  a 
considerable  amount  of  leaves  and  other  litter  is  allow- 
ed to  collect  and  remain  in  the  gutters,  this  may  s.-em 
a  wise  precaution.  Trouble  has  also  arisen  because  the 
flatness  of  some  asphalt  gutters  has  caused  them  to 
hold  shallow  pools  of  wat^^  extending  two  or  three 
feet  from  the  curb  lines. 

It  is  undesirable,  however,  to  have  two  different 
types  of  pavement  wearing  surfj.ce  on  a  street  between 
curbs.  It  is  even  undesirable  to  have  them  anywhere 
on  the  same  street:  though  in  some  cases,  because  of 
steep  grades,  intensive  traffic  points,  special  track 
work,  and  for  other  reasons,  this  is  quite  unavoidable. 

There  is  no  reason  why  litter  of  any  sort  should 
be  allowed  to  accumulate  and  :  Mnain  in  tlic  gutters  of 
any  modern  city's  streets,  and  in  self  respecting  muni- 
cipalities such  a  condition  of  affairs  will  not  be  toler- 
ated. Therefor,  this  reason  for  brick  or  cement  gutters, 
where  it  exists,  should  be  removed  and  not  catered  to 
by  the  authofiities:  and  flat  spots  in  gutters  will  not 
occur  where  reasonHble  attention  is  given  to  the  grades 
and  cross-sections  of  a  street  it  the  time  of  paving. 

Every  possible  endeavor  -should  be  made  to  lay  a 
sheet  asphalt  wearing  surlaee  from  curb  to  curb,  whe- 
ther there  are  car  tracks  in  the  roadway  or  not.  If  it 
is  dp  .  'd  to  lay  another  type  of  surface  within  the 
track  My  no  means  should  this  other  type  of  pave- 
ment be  allowed  outside  the  outer  rails. 

A  ribbon  of  foreign  pavement  surface  either  along 
the  curb  line  or  along  the  rail  only  adds  another  joint 
in  the  pavement;  one  that  must  be  maintained  by  the 
city,  and  that  is  apt  to  be  at  a  point  where  it  will  be 
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4linMtlv    ill  tli.>  liii,-  of  traffic  and  subject  to  uneven 
wear  at  an  <'X(ij>tioiialIy  weak  spot. 

Not  only  are  all  the  other  types  of  pavement  sur- 
face more  expensive  to  ie|.air  than  sheet  asphalt,  hut 
it  is  a  positive  inconvenience  horderinp  on  inefficiency 
to  he  compelled  to  send  two  different  rei)air  gangs  over 
oni-  street  to  lake  care  of  the  necessary  maintenance 
work  and  ri'««t()iation  of  ojienings. 

Grades  and  Crowns. 

The  author  has  long  held  the  view  that  the  cross- 
section  of  a  street  pavement  surface  taken  from  curb 
to  curb  should  eonsist  of  straight  and  not  curved  lines. 
The  grade  tiiat  will  shed  water  towards  the  curb  at  a 
point  a  few  feet  from  the  centre  of  the  roadway  will 
likewise  shed  water  at  a  point  within  a  few  feet  of 
the  gutter  and  at  all  points  between. 

An  abrupt  drop  should  be  arranged  in  the  last 
three  feet  near  the  curbs  so  as  to  confine  the  running 
water  in  a  narrow  .stream:  but  beyond  that  point,  the 
less  the  rise  to  the  shoulder  of  the  roadway  the  lietter 
it  is  bound  to  be  for  traffic. 

Tt  should  not  be  lost  sight  of  that  street  pavement 
surfaces  are  built  primarily  to  be  traveled,  and  only 
secondarily  to  shed  water:  though  some  have  an  idea 
that  it  is  the  other  way  about,  and  build  accordingly. 
The  principles  for  laying  out  grades  are  well 
enough  established;  at  least,  the  author  has  no  <|uaiTel 
with  them.  The  saying  that  a  road  is  no  more  passable 
than  its  steepest  hill  strikes  not  so  much  terror  into 
our  souls  in  these  days  of  automobiles,  however,  for 
one  now  carries  his  hitch  team  along  with  him  in  his 
lower  gears.  The  more  important  question  to-day  is 
on  how  steep  a  grade  may  we  lay  a  certain  type  of 
pavement  surface  under  given  conditions. 

For  heavy  traffic,  the  stone-filled  sheet  asphalt 
wearing  surface  should  not  be  laid  on  a  grade  exceed- 
ing five  per  cent;  on  light  traffic  residential  streets 
carrying  no  necessary  through  traffic,  the  limit  can 
with  reasonable  safety  be  raised  to  ten  per  cent,  and 


soaic  hav.-  cjiiriod  it  oven  higher.  There  is  a  widr  H.'ld 
for  the  application  of  good  judgment  in  the  determina- 
tion of  this  important  point. 

To  provide  in  a  .specifit-ation  for  the  crown  of  a 
road  or  street,  it  may  he  .stated  that,  unless  otherwise 
expressly  ordered  by  the  eity,  the  crown  of  the  finished 
pavement  surface  should  have  a  uniform  ri.se  of  ap- 
proximately one  inch  in  each  foot  for  the  first  three  feet 
from  the  jrutter  line,  and  a  uniform  rise  of  appro.xi- 
mately  one-()uarter  of  an  inch  in  each  foot  from  this 
point  to  the  centre  of  the  roadway,  or  until  the  line 
meets  the  correspondintr  line  coming  from  the  opposite 
gutter.  Of  course,  special  conditions  call  for  and 
shoidd  receive  special  treatment. 

On  such  a  street,  e^ch  side  of  the  centre  of  the 
roadway,  except  for  three  feet  from  the  curbs,  is  in  a 
plane .-  and  from  this  plane  the  putter  dips  abruptly  to 
form  a  decided  and  narrow  channel  for  the  water. 

The  above  statements  do  not  mean  that  there  are 
sharp  angles  at  the  points  three  feet  from  the  ctirbs  and 
in  the  centre  of  the  roadway.  In  actual  practice,  these 
points  will  be  rounded  off  for  about  one  foot  on  either 
side.  The  crown  may  be  flattened  somewhat  on  very 
steep  grades,  and  slightly  increased  on  flat  sections  of 
street  roadway.  One  not  accustomed  to  examining 
crowns  will  hardly  notice  the  difference  between  the 
straight  line  crown  and  a  curved  line  crown. 

Straight  lines  in  the  crown  make  it  possible  to  get 
a  smoother  surface,  and  smoothness  of  wearing  sur- 
face is  very  important.  Not  only  is  it  a  pleasure  to  ride 
rapidly  in  an  automobile  over  a  pavement  surface  that 
reasonably  approximates  a  true  plane,  but  it  is  beyond 
question  that  such  a  surface  drains  belter  and  wears 
much  longer  than  an  uneven  one. 

Tn  sheet  a.sphalt  surfaces,  there  is  less  likelihood 
of  the  mixture  shoving  or  creeping  if  it  has  been  laid 
very  evenly;  and  there  is  le.ss  possibility  of  it  form- 
ing depressions  that  will  hold  water.  A  fourteen  foot 
light  weight  straightedge  is  a  handy  thing  to  have 
around  when  any  pavement  surface  is  being  laid,  and 


wliiMi  a  straight  line  crown  is  used,  the  straightedge 
can  be  completely  turned  around  on  both  sicis  of  the 
roadway  with  eit.ier  very  gratifying  results  or  with 
very  unsatisfactory  results  that  shoul<l  be  at  once 
rtMiiedied  while  the  surface  is  still  hot. 

It  pays  to  have  a  pavement  wearing  surface  laid 
correcily;  and  carelessness,  not  expense,  is  usually  the 
main  reason  for  it  not  being  done  properly. 

Kurjil  highways  arc  best  built  with  a  crown  of 
two  straight  lines,  without  either  gutter  or  drop  at  the 
edge  other  than  a  slight  rounding  off  in  some  cases. 
The  growing  practice  of  having  a  cross-section  of  just 
one  straight  line  at  the  curves,  so  tilted  as  to  bank 
them,  seems  a  matter  of  common  sense. 

Guarantees  and  Bonds. 

It  does  not  .seem  that  at  this  late  stage  of  the 
game  it  should  be  necessary  for  a  city  to  exact  a  guar- 
antee on  any  well  known  tyjie  of  pavement  surface. 
City  authorities  have  in  their  hands  the  drawing  of 
the  specifications  for  and  the  full  inspection  of  all 
paving  work:  and  to  ask  a  guarantee,  especially  on 
a  standard  or  well  known  construction,  would  seem 
an  admission  of  incompetence. 

At  tticir  best,  maintenance  bonds  are  very  un- 
satisfactory. The  greatest  value  seems  to  be  in  that 
th(y  satisfy  the  general  demand  for  .something  guar- 
anteed: but  the  public  is  made  to  pay  far  too  dearly 
for  this  more  or  less  worthless  privilege  through  addi- 
tional cost  added  by  both  the  contractor  and  the  bond-  ' 
ing  company  fhat  is  his  surety. 

While  it  is  the  nitlior's  opinion  that  the  best 
practice  'ocs  not  require  n  iimintenance  guarantee 
bond.  Ii.  does  think  that  every  city  contract  should 
contain  wliat  is  known  as  the  no-estoppel  clause. 
This  clause  holds  the  contractor  to  a  .strict  account- 
ing if  at  any  future  tim(>  it  is  found  that  he  has  prac- 
tised fraud  upon  the  city  in  the  pro.sccution  of  his 
work,  or  if  it  is  shown  that  the  work  was  not  perform- 
ed up  to  the  reasonable  requirements  of  the  contract. 


Such  a  clause  should  specify  that  no  iicit-ptjiiKf 
or  other  action  on  the  part  of  any  city  oftuial  will 
debar  the  city  from  recovering,  at  any  futur.'  time, 
if  the  city  can  show  where  it  has  received  substantially 
loss  in  quantity  or  quality  of  workmanship  or  ma- 
terial than  that  for  which  it  paid. 

In  one  instance  of  which  the  author  has  personal 
knowledge,  the  contract  called  for  concrete  under  the 
curb,  and  provided  for  a  five  year  guarantee  on  the 
entire  work.  The  contractor  forgot  all  about  tli.-  .on- 
crete,  and  set  the  curb  in  the  natural  soil.  The  p<'o- 
ple  kicked;  but  the  administration,  owned  by  the  con- 
tractor, accepted  and  paid  for  the  work  in  spite  of 
their  protests  and  the  known  facta. 

There  was  no  such  clause  as  that  described  in  f}).> 
foregoing  paragraphs  in  this  contract,  and  when  a 
new  city  administration  was  elected,  largely  as  the  re- 
sult of  this  and  other  open  frauds  practised  upon 
the  city,  it  found  (hat  the  accei>tance  of  th.>  work  by 
the  former  administration  acted  to  estop  the  city 
from  a  recovery.  The  people  had  a  five  year  guar- 
antee bond,  but  there  was  no  concrete  under  the 
curbs.    The  city  had  paid  something  for  nothing. 

Inspection  and  Tests. 

If  the  specifications  for  street  pavinjj  arc  very 
carefully  drawn,  and  the  actual  Avork  supervised  by 
competent  engineers,  with  inspectors  both  nt  the 
manufacturing  plants  and  on  the  road,  th.-  <ity  is 
quite  certain  to  get  a  good  pavement;  one  that  will 
last  twenty-five  years  on  most  roadways. 

If  in  place  of  carefully  drawn  speeit'iciitions  and 
competent  inspection,  the  usual  five  year  truaraiitee 
is  substituted,  the  city  may  get  a  good  i)av.-iiient ; 
again,  it  may  not.  The  odds  are  heavy  that  it  "will 
not.  What  it  is  most  likely  to  get,  when  it  relics 
upon  the  five  year  guarantee,  is  a  pavonienf  that  will 
last  five  years  and  a  day. 

In  case  the  contractor  makes  a  slifflit  error  in 
his  calculations,  and  the  pavement  fails  before  the  five 


v.-iirs  loi'  \v|,i..||  it  is  guuranteed  are  up.  the  matter 
of  s.curintr  iii.l.iniiity  from  tl..  contractor  or  bonding 
.'ornpanv  is  a  very  painful  one  fraught  with  many 
technicalities  and  other  difficulties. 

The  ahovf  is  not  writttri  to  reflect  upon  average 
contra.tors.  Th-  author  has  spent  much  of  his  life 
as  just  an  avera^rt'  contractor.  It  may  as  well  be 
understood,  howev.r.  that  when  paving  work  i.s  done 
under  the  competitive  contract  system  the  lca.st  a  city 
will  accept  is  the  most  a  contractor  can  afford  to  give. 
Otherwise,  the  contractor  will  soon   face  bankruptcy. 

The  city  authorities  set  the  standard  for  the  wo-k 
to  be  done  under  their  supervision,  either  by  tlieir 
care  or  their  carelessness,  and  economic  necessity 
compels  the  contractor  to  bid  to  that  .standard  rather 
than  to  the  wording  of  n,,-  specifications.  The  con- 
tractor may  prefer  to  build  good  roads;  but  if  good 
roads  are  not  the  standard,  he  iiuist  either  build  lean 
roads,  or  .some  one  else  will.  Whether  the  con- 
tractor is  a  good  or  bad  man  has  not  much  to  do  with' 
it;  in  either  case  he  ii  .st  make  a  living  in  Rome,  and 
he  must  make  it  as  ♦h     Komans  do. 

When  a  c:; 
to  do  good  wor'  . 
and,  when  s';.  • 
able  to  say,   'i  ;  , 
understand  tnat 
peie  with  the  bu.ld'  ••  of 
mu.st  .set  high,  but  ii.i, 
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author  always  preferred 

I  i'lre  to  build  a  good  road, 

<.v  's  its  excellence,  to  be 

i'ut  city  officials  must 

j'tl  roads  can  not  cora- 

'fi  Is,  and  accordingly, 

Miy  practical  standards  to 


which  all  builders  of  roads  under  their  jurisdiction 
must  work.  Such  city  officials  will  be  surprised  to 
find  to  what  an  extent  they  Avill  receive  real  co- 
operation from  the  average  contractor;  but  they  had 
best  beware  of  the  contractor  who  starts  in  to  grow  a 
pair  of  wings;  for  wings  aren't  natural  to  contractors. 
No  city  should  attempt  to  do  paving  work  of  any 
kind  without  either  its  own  testing  laboratory  and 
good  constilting  engineering  connection,  or  an  ar- 
rangement with  some  responsible  firm  of  independent 
testing   and    iiLsjiecting   engineers   and    chemists   who 


so 


maintain  a  well  equipped  laboratory  and  are  special- 
ists at  the  particular  work. 

Vitrified  Brick  Surfaces. 

Recently,  an  important  improvement  has  been 
made  in  the  construction  of  pavements  with  vitrified 
paving  brick  or  block  wearing  surfaces.  This  improve- 
ment consists  in  the  laying  of  the  brick  directly  upon 
the  new  concrete  foundation  before  it  has  had  time 
to  set;  or  upon  a  thin  layer  of  dry  mortar  spread  on 
the  wet  concrete  for  the  bedding  of  the  blocks,  this 
dry  mortar  bed  being  M-et  through  the  joints  of  the 
blocks  as  soon  as  they  have  been  placed,  and  just  be- 
fore the  joints  are  filled  with  cement  mortar.  In  either 
case,  the  result  is  about  the  same ;  a  monolith  consist- 
ing of  concrete  foundation  ^nd  brick  surface. 

The  author  laid  an  improved  type  of  reeut  granite 
paving  block  surface  upon  a  concrete  foundation  in 
this  manner  several  years  ago,  and  thinks  the  method 
a  decided  advance  in  the  art  of  constructing  the  block 
type  of  surfaces,  whether  granite  or  brick  blocks  are 
being  used.  It  should  be  borne  in  mind  that  this 
method  of  laying,  while  probably  adding  to  the  original 
life  of  the  pavement  surface,  will  also  increase  the 
difficulty  and  cost  of  making  repairs  and  renewals. 

It  raignt  also  be  urged  in  favor  of  the  laying  of 
vitrified  brick  or  block  wearing  surfaces  that  when 
they  wear  out  they  can  be  covered  with  sheet  asphalt 
wearing  surfaces ;  for  in  fact,  this  has  often  been  done. 
Such  an  argument,  while  thoroughly  unsound  even 
when  advanced  in  advocacy  of  cement  concrete  pave- 
ments, has  nothing  whatever  to  recommend  it  when 
advanced  for  the  laying  of  a  vitrified  paving  brick 
wearing  surface  upon  a  concrete  foundation;  for  this 
type  of  surface  costs,  not  less,  but  about  twice  as 
much  as  a  stone-filled  sheet  asphalt  wearing  surface, 
and  will  not  usuall;-  last  as  long. 

In  greater  New  York  City,  the  Borough  of  Man- 
hattan has  not  a  single  vitrified  brick  pavement  wear- 
iii'^  surface,  the  Borough  of  the  Bron.\  removed  and 
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replaced  its  last  surface  of  this  type  with  sheet  as- 
phalt several  years  ago,  and  tiic  other  boroughs  are 
gradually  abaiidoiiiug  this  fon.i  of  pavement. 

Theie  may  be  and  probably  arc  some  circum- 
stances that  would  warrant  laying  and  maintaining 
a  vitrified  paving  brick  wearing  surface,  but  the 
author  has  not  happened  to  meet  such  an  instance. 
In  .several  cases,  however,  he  Ikis  been  forced  to  lay 
such  surfaces,  also  crcosoted  wood  paving  block  sur- 
faces, under  j.rotcst  and  against  his  best  judgment 
through  petitions  signed  by  duped  property  holders 
who  had  allowed  themselves  to  become  the  pray  of 
clever  pavement  promoters. 

Creosoted  Wood  Surfaces. 

If  it  can  be  shown  that  creosoted  wood  paving 
block  surfaces  can  be  originally  laid  and  permanently 
maintained  by  repair  and    renewal    on    certain    very 
heavily  trafficked  streets  at  a  lower  annual  cost  per 
square  yard  than  .stone-filled  or  .standard  sheet  asphalt 
wearing  surfaces,  then  if  the  economy  is  sufficient  to 
overcome  the  points  of  undcsirability  in  this  type  of 
surface,  there  may  be  some  real  reason  for  laying  it. 
There  can  be  no  legitimate  reason  for  laying  it  on 
medium  or  light  traffic  streets,  unless  one  thinks  that 
the  single  advantage  of  being  possibly  less  noisy  than 
even  sheet  asphalt   is    sufficient    to    warrant    its    use 
around  hospitals  and  schools.    The  author  believes  the 
advantage  over  sheet  asphalt  that  creosoted  wood  has 
on    this    score    of   noisele.ssnoss    is  of  but  very  slight 
degree,  and  b^  no  means  sufficient  to  ov.Tbalanee  the 
advantage  of  the  sheet  asphalt  surfaces  on  every  other 
point  of  eeonomy  and  desirability  by  which  pavement 
surface  values  must  be  measured. 

The  author's  opinion  of  a  creosoted  wood  paving 
block  wearing  surface  is  that,  all  things  considered,  it 
IS  the  poorest  investment  of  municipal  dollars  in  pave- 
ment values  that  is  beinir  made  to-dav.  Mnnv  will  not 
agree  with  thi.s.  but  it  is  the  author's  belief  that  the 
rKpmeuer  of  the  next  t-n  years  will  prove  his  point 
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of  view  absolutely  correct;  aud  that  tln'  ereosotetl  wjod 
{)iiving  block  craze  has  nearly  passed. 

With  no  other  type  of  wearing  surfaces  are  the 
results  of  careful  attention  to  good  workmanship  aud 
materials  so  uncertain  as  witli  i-reosoted  wood  block. 
Even  where  the  strictest  inspection  and  supervision 
have  prevailed,  tlu-  surface  is  apt  to  start  almost  at 
once  to  perform  strange  and  unaceounted  for  tricks. 

Notewortliy  instances  of  the  unreliability  of  these 
surfaces  that  liave  come  to  tlie  autlior's  attention  are 
the  wood  block  surfaces  on  lieavily  tnilficked  Battery 
Place,  in  the  Borough  of  Manhattan,  <ind  lightly  traf- 
ficked Soutliern  Boulevard,  in  the  Borough  of  the 
Bronx,  New  York  City.  There  is  no  reason  to  go  into 
the  history  of  these  two  surfaces,  but  the  least  that 
can  be  said  of  them  is  that  they  have  acted  with  mark- 
ed eccentricity  and  have  proven  very  extravagant  in- 
vesments  in  spite  of  having  Iwen  laid  under  conditions 
that  should  have  producp<'  the  best  of  the  type. 

Granite  Block  Surfaces 

Unlike  the  ert"^  oted  wood  paving  blocks,  improv- 
ed granite  paving*  blocks  meet  a  real  need  as  a  paving 
material.  On  heavy  traffic  steep  grades,  sheet  asphalt 
can  not  be  r.sod  because  of  its  smoothness  and  its  con- 
se(|uent  slipperiness  in  wet  and  frosty  weather.  The 
granite  and  sandstone  paving  block  surfaces  are  the 
only  ones  that  can  be  used  to  meet  this  condition  with 
V  any  real  and  permanent  success. 

There  are  a  few  other  places  where  an  investment 
in  improved  granite  paving  block  surfaces  is  justified 
in  spite  of  the  high  cost  of  original  construction.  Under 
certain  very  intensive  heavy  traffic  conditions  the 
expenditure  mny  even  be  warranted  whe;e  the  grades 
jire  Jiot  steep,  though  thei-e  are  very  few  such  places 
even  in  the  larger  cities.  Tn  street  railway  special 
work,  around  waterinjr  troughs,  in  narrow  driveways 
subjected  to  much  heavy  trucking  and  under  other 
special  conditions  granite  will  in  the  end  often  prove 
the  more  econninieal  nuiterial. 


But  while  the  author  recogiiize«  the  real  value  of 
improved  granite  block  surfaces  for  certain  condition* 
ot  trattie  and  environment,  it  is  his  conviction  that 
such  surtaces  are  being  laid  to-day  in  many  place* 
where  the  very  high  original  investment  is  not  war- 
ranted.  It  should  be  borne  in  mind  that  stone-filled 
sheet  asphalt  can  be  had  for  about  one-third  as  much, 
and  that  this  type  of  wearing  surface  is  actually  more 
desirable,  where  there  is  no  special  reason  for  its  not 
being  used,  than  is  the  high  priced  improved  granite 
paving  block  wearing  surface. 

Wherever  a  city  has  already  invested  heavily  in 
the  old  type  of  large  granite  block  surfaces,  as  these 
surfaces  need  renewing  they  should  be  made  into  im- 
proved granite  block  su'  iaces  by  quartering  and  high- 
ly dressing  the  old   blocks   and    laying   the    res.ilting 
small  new  blocks  in  a  wet  concrete  foundation    A  des- 
cription of  some  work  of  this  nature  performed  under 
the  author's  direction  will  be  found  in  the  May    1914 
copy  of  Municipal  Engineering  Magazine.   This  article 
irives  the  process  in  much  detail,  and  states  the  actual 
cost  of  tho  work  f^^paratod  into  the  natural  sub-divi- 
sions  according  to  operations. 

The  author  wishes  to  state  it  as  his  opinion  that 
no  jrranite  block  should  be  over  four  inches  in  depth 
'Hid  that  the  blocks  should  he  laid  on  mnrter  hods  and 
not  on  sand  beds.  This  has  been  his  practice  since 
if^lO.  and  he  is  glad  to  see  others,  including  New  York 
City,  adopting  the  same  system. 

The  Durax  nmnite  cube  pavement  now  b-^inp  put 
on  the  market  ir  this  country,  at  a  somewhat  lower 
price  than  other  jrranite  Mock  pavement  surfaces,  has 
a  sligntly  hetter  standing  in  the  matter  of  economy 
than   the   higher  priced   granite   surfaces,   of  course 
and  there  seems  no  reason  why  this  pavement  should 
not  wear  quite  as  well.    There  are  reasons  that  make 
one  think  ,f  may  wear  better.  The  small  cuhes  are  laid 
with  closer  joints:  and  when  the  fan  shaped  method  of 
paying  IS  employed,  it  throws  nearly  all  the  ioints  out 
of  lino  with  the  Hirootion  of  traffic. 


other  Pavement  Surfaces. 

The  principal  types  of  road  aiul  street  pavement 
uiu'faces  only  have  been  eonsidered  in  the  foregoing 
pages;  the  standard  and  stone-filled  sheet  asphalt,  the 
vitrified  paving  brick  or  block,  the  creosoted  wood 
and  improved  granite  paving  block  surfaces. 

Secondary  forms  of  paving  surfaces  are  asphalt 
paving  blocks,  the  many  proprietary  or  patented  types 
of  bituminous  macadam  or  concrete  surfaces,  the  pene- 
tration method  bituminous  macadam  surfaces  in  which 
asphaltic  or  tar  road  binders  are  used,  the  surfaces 
treated  with  road  oils  of  asphaltic  or  tar  brigin,  and 
the  cement  concrete  surface.  While  the  author  does 
not  look  upon  any  of  the  above  as  ranking  with  pave- 
ments of  the  first  clas.s,  it  may  be  well  to  say  a  word 
concerning  them  in  passing. 

Dirt  roads  and  gravel  surfaced  roads  cover  a  large 
road  mileage  that  is  but  little  travelled;  and  are  a 
study  in  themselves,  made  necessary  })y  the  fact  that 
some  communities  can  afford  nothing  else.  In  far  too 
many  places,  however,  these  unsatisfactory  road  sur- 
faces are  tolerated  long  after  the  economic  advantage 
of  the  rural  section  in  which  they  are  doing  service 
has  demanded  a  hard  stirfaced  pavement;  and  many 
such  rural  sections  are  backward  in  their  development 
more  from  this  one  reason  than  for  any  other. 

Many  public  officials  have  lent  their  ears  to  pave 
ment  promoters  for  so  long  that  they  may  look  upon 
some  of  the  pavements  classed  as  secondary  as  being 
in  the  first  class.  However,  a  few  consultations  with 
some  one  who  understands  pavements  and  is  under  no 
obligation  io  sell  »  particular  type  might  open  their 
eyes  in  more  than  one  sense. 

Asphalt  Block  Surfaces. 

Where  very  srii.ill  areas  are  to  be  paved  and  there 
is  not  sufficient  work  in  view  to  justify  the  importation 
of  an  asphalt  mixing  plant,  a  reason  exists  for  laying 
:i.'i  asphalt  block  surface.  These  pavements  are  smooth, 
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asphaltic  com-n't..  surfaces,   wliicli   hiv  slightly   h.-tJtr 
than  that  atTonh-d  l.y  standard  shc.'t  asphalt. 

Thciv  is  IK)  yfivfit  ditlViviicc  iM.t\v.M-n  tho  iiiixtiiiv 
used  ill  the  inanula.-l.iiv  ..f  nsphalt  pavinjr  blocks 
and  th.-  mixtures  laid  as  st()n..-(iil,.d  -h.-.-t  asphalt  aii.l 
fin.-  asphaltic  conpivt.'  surfaces.  The  jjivat  advanta".' 
of  the  latter  types  is  that  Avhere  there  is  a  mixing 
plant  availahh-  it  is  more  economieal  fo  lav  the  mix'^ 
ture-s  directly  ufioii  the  road  or  .street  than  it  is  to 
manufacture  them  into  hioeks  at  a  mi./h  more  expen 
sive  plant  and  then  lay  the  hioeks  upon  the  madway. 

-  For  small  cities  (.r  villatres  that  desire  to  improve 
Iheir  best  residential  sfreet.s,  pul.lic  s.pmivs  and  .irive- 
ways.  an  asphalt  block  surface  is  certainly  more  fo 
>•«'  desired  than  a  vitrifi,.,l  pavi„f,  brick  surface;  for 
lh<!  latter  is  \rvy  noisy  and  becomes  more  so  with  a^e 
while  the  former  is  almost  nois<>less  and  remains  tluit 
way  as  long  as  it  is  kept  in  reasonable  repair. 

Many  of  tho  disadvantages  of  the  block  class  of 
surfaces  also  apply  to  the  asphalt  block  surfaces: 
thouf,'h  the  latter  .liH'er  very  widely  in  that  they  are 
plastic  at  hifrh  temper.,tiir<'  while  all  the  other  block 
surfaces  are  brittle  under  all  weather  conditions.  For 
this  reason,  the  joints  do  not  become  more  open  with 
i\iio,  but  the  asphalt  blocks  weld  to^'ctber  until  the 
surface  fre.picntly  resembles  in  appearance  one  of 
stone-filled    sheet    as|)halt. 

The  cxi)ensiveiiess  ot  ail  asphalt  block  manufac- 
turing: plant  and  the  necessity  lor  iiaviiit;  it  centrally 
located  to  serve  a  wide  f,'eo>rra|.hical  area,  thus  re- 
'iniriiiff  that  the  blocks  must  be  freiffhte<|  to  their  des- 
tinati.ui  in  mosf  cases,  coupled  with  the  fact  that  over 
ninety  j.cr  cent  of  stone  and  sand  as  contained  in  the 
manufactured  blocks  is  often  shipped  from  (j^reat  dis- 
tances directly  pa.st  local  su|.plies  of  these  materials, 
makes  a  very  heavy  handicai)  for  the  asphalt  block 
form  of  bituminous  pavement  coiistnietioii  as  com- 
pared with  the  sheet  layer  forms. 


«* 

The  labor  cost  of  laying  asphalt  blocks  upon  the 
street  is  between  two  and  three  times  that  of  laying 
the  hot  mixtures  of  the  stone-filled  sheet  asphalt  and 
other  sheet  layer  surfaces;  besides  which  it  must  be 
remembered  that  the  objectionable  block  joints  are 
present  even  though  in  a  mitigated  form,  and  both  the 
cost  and  the  difficulty  of  making  repairs  are  much 
higher  for  the  block  surface. 

Wherever  arrangements  can  possibly  be  made  to 
secure  an  asphalt  mixing  plant,  there  is  no  good  reason 
for  laying  as  asphalt  paving  block  surface  at  from 
fifty  cents  to  one  dollar  per  square  yard  more  than  a 
stone-filled  sheet  asi)halt  wearing  surface  would  cost; 
for  the  latter,  besides  representing  a  lower  capital 
fxpcuditure,  is  in  many  other  ways  both  more  desir- 
able and  more  economicaL 

Patented  Roadway  Surfaces. 

For  a  patent  to  entitle  the  inventor  or  exploiter 
to  a  return,  it  must  either  accomplish  something  that 
has  not  been  accomplished  before,  or  perform  some- 
thing that  has  been  done  before  in  a  way  that  is  such 
an  impiovement  over  the  methods  previously  in  use 
as  to  justify  by  the  results  any  additional  cost  that  is 
asked  for  the  patented  article  or  process. 

Patented  pavements  may  in  some  cases  be  worth 
what  their  inventors  and  exploiters  ask  for  them ;  but 
as  a  matter  of  fact  most  of  tlio  well  known  proprietary 
pavements  of  to-day  are  neither  an  improvement  over 
nor  as  good  as  the  stnndiird  unpatented  pavements 
that  have  been  laid  for  years  and  that  can  be  manu- 
faotnr<><i  by  any  one  possessed  of  tlie  necessary  in- 
formation and  plant  equipment. 

A  number  of  these  patented  pavements  have  been 
on  the  market  for  years;  some  of  which  are  quite  good, 
and  others  very  poor.  Circumstances  may  arise  under 
which  it  would  be  advisable  to  select  one  of  the  better 
class  of  these  proprietary  pavements,  but  it  depends 
.ntirely  upon  local  conditions.  The  author  docs  not 
Relieve  that  the  adoption  by  a  community  of  a  pave- 
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men  under  the  ..ontrol  of  patents  is  warranted  unless 
^  tlH.  surroundn.,.  faets  have  been  earefully  weighed 
jnd  ,t  has  boon  definitely  determined  that  the  preX 
-erance  o  the  evidence,  as  diligently  sought 'out  is 
Tery  greatly  m  favor  of  the  patented  surface. 

ri.hftH"^""!l!""^"^  ''''''''  >«''^«  «f  ^'^^'•t-in  copy- 
righted and  otherwise  controlled  pavements  have  bee^, 

If  Vv  ^,,^^"^^^^,^t«t««  -d  Canada  for  the  sel.ctio 
of  ^h,ch  the  author  believes  there  was  no  good  and 
legitnnate  reason.  These  patented  pavements  are  more 
•xpons.ve  and  less  desirable  and  durable  than  un! 
pa  ented  forms  of  pavement  surfaces  that  were  e,ua  iv 
*vada  ,Ie,  and  their  selection  therefore  obviously  r.:. 
quned  careful  .lata  to  support  the  additional  expense. 
This  unich  may  be  said  about  the  patented  and 

•«  a  ,„Ie.  desne  to  do  reasonably  good  work  in  order 

o   make   a   rep.ifation   for  their  advertised   products 

Ordess  a  community  is  doing  its  work  under  careful 

»ho  dd  then  It  ,s  more  a,.f  fo  get  poor  work  from  a 
contractor  who  has  no  property  right  in  the  particular 
type  of  surface  he  is  laying  and  who  will  not  suffer 
hnancmlly  by  ,ts  failure  provided  such  failure  occurs 
•Iter  the  expiration  of  his  guarantee. 

One  should  demand  a  carefully  supported  and  con- 
vincing statenuM.t  over  the  signature  of  some  well 
known  and  responsible  paving  engineer  before  invest- 
>"g  ."onoy  in  forins  of  pavement  surfaces  that  are 
-libject  to  monoprly  ..ontro! :  and  such  statement 
-hould  set  f,>,th  definitely  that  the  patented  pavement 
at  the  pri.-e  asknl  ,„ay  be  expe.-ted  to  be  more  econo- 
mical in  the  long  run  than  all  other  types  available, 
and  It  should  give  the  explicit  reasons  that  lead  the 
engineer  to  form  his  opinion. 

Penetration  Macadam  Roads. 

The  only  soun.l  reason  for  laying  a  penetration 
method  bituminous  macadam  road,  using  either 
asphalt  ,.r  lar  binding  cement,  is  the  same  reason  that 
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will  in  sotiu'  cases  justify  the  eoiiNtiiictioii  it\'  !\^\>Un\t 
block  siufncos;  namely,  where  the  tiiiioiint  of  work  is 
small,  no  asphalt  mixing  plant  is  available,  uiul  there 
is  not  siiflFicient  work  in  sight  to  warrant  the  importa- 
tion of  such  a  plant. 

The  small  saving  in  tlie  cost  of  originally  con- 
structing a  penetration  metliod  l)itumiri(»us  macadam 
road  surface  upon  either  a  broken  stone,  old  macadam 
or  concrete  foundation,  over  what  it  would  cost  to  lay 
a  stone-filled  sheet  asjilialt  or  other  inixcd  method 
bituminous  wearing  surface  upon  a  like  foiindalioii.  is 
not  sufficient  to  .justify  the  foruier  luuch  inferior  typo 
of  construction.  This  is  i)articularly  true  when  the 
future  maintenance  of  the  rctad  is  considered;  for 
after  a  few  years  the  penetration  method  road  is  sure 
to  require  a  great  deal  of  attention  ihat  will  n:ii  into 
heavy  annual  re|)air  bills. 

It  is  unfortuiuite  thaf  so  many  of  our  road  author- 
ities fail  to  see  further  ahead  than  their  terms  of  office, 
or  liiitij  after  the  ne.\t  election;  and  look  upon  their 
road  work  as  a  political  lather  than  an  engineeritig 
science.  The  results  of  this  attitude  on  the  i)arts  of 
many  public  officials  may  be  seen  on  every  side. 

The  author  |)refcrs  the  asjthaltic  road  Itinders  to 
the  tar  binders,  as  he  considers  them  both  more  .satis- 
factory and  enduring.  The  tar  binders  are  far  more 
susceptible  to  the  changes  in  lempcrature,  being  very 
hard  and  1;rittle  in  winter  and  very  .soft  and  sticky  atid 
indiiied  t)  bleed  excessively  in  Sinumer.  This  will  be 
readily  appreciated  if  one  has  had  the  op|)ortunity  to 
daily  observe  a  point  where  a  section  of  road  built 
with  asphalti<'  binder  meets  a  section  constructed  with 
tar  binder.  He  will  have  noticed  that  in  cold  weather 
the  tieadened  hoof-beat  on  the  asphaltic  .section  changes 
to  a  sharp,  nietallic  sound  as  soon  as  the  horse  pa.sses 
over  the  line  and  upon  the  .section  in  which  a  tar  |)ro- 
duct  has  been  used  as  the  road  biuding  cement.  In 
Summer  the  conditions  are  reversed,  and  the  tar  .sec- 
tion is  luuch  softer  than  the  asphalt  .section,  in  many 
'•ases  being  much  too  soft. 


Koad  Oils  as  Preservatives. 

As  a  Mieaiis  of  pieseiving  a  road  fi<,.„  rapid  des- 
t.m-t.on  by  traffic  and  to  ailay  tho  dust  .n.isan.e.  roa.l 
od.  have  been  a  blessing;  tl.ough  in  so.nc  instances 
th..y  are  an  exp.-nsivo  blessing.  Too  fro.,uentIy  ,t  is 
"tl.'.»pted  to  ,nai,.tain  road  surfac-s  by  the  oiling 
...Hhod  when  a  stndy  of  economy  would  indicate  pav 
i.'fr;  which  might  not  only  represent  a  lower  average 
«'..m«l  cost,  but  would  do  away  with  the  annual  or 
s.'.n^a«nual  nuisan.-,.  of  oiling  the  roads  and  then 
''l<-kmg  then,  off  until  the  oil  has  set,  and  would  give 
«  rojul  surfan.  in  every  way  superior. 

In  oiling,  one  of  the  most  i.uportant  ite.ns  is  the 
^•'■moval  of  the  dust  from  the  road  surfac  before  the 
<..!  .s  apphed.  It  is  almost  a  waste  of  the  entire  cost 
ol  the  oihng  to  apply  it  to  the  surface  of  a  dusty  road 
After  the  od  has  been  spread,  clean  torpedo  gravel  or 
fine  stone  chips  should  be  scattered.  Three-,,uarter  inch 
^•lean  crushed  stone  has  been  used  to  decided  advantage 
u.  .some  cases;  but  most  any  likely  material  will  serv,- 
fairly  well,  e.xeept  fino  sand. 

Tar  road  oils  being  very  much  a  by  product, 
hough  that  u.  itself  does  not  necessarily  depreciate 
their  value,  should  be  .subjected  to  even  more  fre.juent 
and  careful  analy.ses  than  may  be  necessary  in  the  case 
of  some  of  the  asphaltic  road  oils  known  to  be  manu- 
factured  from  the  heavier  crudes,  which  are  likely  to 
be  iiioie  uniform. 

The  large  amount  of  f- ,  ,,uhon  present  in 
•Many  of  the  road  oils  ai,.]  hi,„|.M  ..uuu.faetured  from 
tars  IS  deserving  of  careful  nlu-..*,o,..  When  removed 
by  the  usual  testing  methods,  this  ree  carbon  looks 
exactly   like   and    virtually   is   ..othing   mor<    nor   less 


than  common  lamp  black.   It  <'af 


't    i  o  :v.!b'\ 
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as  a  binding  material  on  the  road,  and  is  wt.-  -  natter 
or    probably   worse    that    has    been    pur(-nH....d.    tranf^ 
ported  and  applied  where  it  has  no  mAxw. 

Tar  road  oils  a.ul  binders  should  onlv  be  .ompared 

'M  pvu-o  with  th„s.-  of  iLsphaili.-  origin  .iftcr  ;in  ntlow- 
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ance  has  been  made  for  the  free  carbon  present.  Tht 
author  would  only  use  the  tar  products  for  road  oiling 
if  the  cost  were  much  less  than  for  an  asphaltic  oil, 
bill  would  much  prefer  not  to  use  tar  road  binders  at 
all  where  the  high  grade  asphaltic  products  could  b« 
had  at  a  reasonable  cost.  In  bituminous  maeadj  ra 
work,  the  collateral  expenditures  are  too  great  to  risk 
by  using  a  I'oubtful  ingredient,  and  experience  with 
tars  has  in  -nany  cases  been  rather  sad. 

It  '3  a  significant  fact  that  none  of  the  tar  cements 
produced  to-day  are  ever  used  in  a  sheet  asphalt  pave- 
ment or  even  recommended  therefor;  and  the  claim 
that  the  free  carbon  in  a  road  oil  is  analogous  to  the 
filler  material  in  a  sheet  asphalt  surface  is  ingenious, 
hilt  has  no  application  in  road  oils  and  binders. 

Cement  Concrete  Pavementt. 

The  modern  cement  concrete  pavement  seems  to 
many  to  be  an  important  innovation ;  and  it  is  an  im- 
portant one— to  avoid.  It  may  be  that  the  only  way 
some  oflFicials  will  learn  their  real  value,  or  lack  of  it, 
is  by  experience.  They  are  likely  to  get  this  experience 
within  the  next  five  years,  but  in  the  meantime,  as  in 
other  well  kni  vvn  cases,  much  publi  money  will  have 
beet!  unnecessarily  spent. 

Cement  concrete  pavements  have  no  suitable  wear- 
ing surface.  They  are  really  extravagantly  built  pave- 
ment foundations  exposed  directly  to  traffic  so  that 
all  possible  damage  can  be  done  to  them  in  the  shortest 
possible  space  of  time.  In  a  few  y.-ars,  and  in  some 
eases  a  very  few,  they  develop,  almost  without  excep- 
tion, widered  expansion  joints  and  cracks,  especially 
longitudinal.  The  chipping  oflf  of  the  edges  of  con- 
struction, which  usually  are  spaced  about  twenty-five 
feet  apart,  is  unavoidable  if  the  traffic  is  at  all  heavy, 
and  the  other  cracks  grow  wider  and  wider  until  they 
are  finally  repaired  in  an  unsightly  manner  with  a 
'  Uuminous  cehient  and  sand.  In  the  last  stages  of  des- 
>eration,  some  places  lay  real  pavement  surfaces  over 
fhese  much  abused  concrete  foundations. 


SI 

It  will  hardly  be  maiutaiiied  that  the  surface  of 
a  cement  concrete  pavement  is  a  desirable  one.    It  is 
hard  upon  the  horses,  and  glaring  to  the  eye;  and  the 
uiisightlincss  of  the  cracks  and  joints,  increasing  with 
age,  is  such  that  it  requires  iriiicnificent  selling  ability 
on  the   part  of  highly  specialized    promoters  in    tlie 
employ,  directly  or  indirectly,  of  the  cement  manu- 
facturers' associations,  to  cause  one  to  overlook  these 
facts.  Why  lay  a  good  floor  in  one's  house  and  not  put 
a  pleasing  and  pi-otecting  rug  or  carpet  upon  itt  Why 
lay  a  concrete  road  foundation  and  not  put  a  pleasing, 
protecting  and  economical  surface  upon  it? 

The  answer  is  that  the  cenu-nt  madufacturcrs  do 
not   want  on     to,  and   therefore   promotion   funds   of 
large  proportions  liav.-  h.-eu  created  and  cement  con- 
crete roads  have  been   boomed  lis  no  other  road   has 
ever  been  boomed  before;  with  the  inevitable   result. 
The  real   reason  most  concrete   roads  are   laid   is  not 
that  anyone  who  is  a  road  specialist  of  long  experience 
believes  they  should  be   laid   in   [>reference   to  other 
roads,  but  for  the  reason  that  the  cement  companies 
sell  just  twice  as  much  cement  per  mile  for  a  concrete 
road  as  they  would  for  a  concrete  foundation  of  the 
same  width  and  thickness.    Their  bill  for  cement  is  so 
high  that  out  of  it  they  can  well  afford  to  take  a  good- 
ly sum  for  further  promotion  work ;  and  this  they  do, 
thereby  making  the  public  the  victim  of  its  own  gen- 
erosity.   Cement  concrete   roads  blow  dust  into  peo- 
ple's eyes  in  more  ways  than  one. 

If  the  ceme;it  concrete  road  were  a  very  cheap 
construction,  more  reason  for  laying  it  might  be  found; 
but,  comparatively  speaking,  it  is  not  cheap.  In  fact,' 
a  concrete  foundation  and  a  stone-filled  sheet  asphalt 
wearing  surface  can  frequently  be  laid  for  about  the 
same  money,  and  in  no  ca.se  where  there  is  a  large 
amount  of  work  to  be  done  will  the  cost  of  the  high 
grade  asphalt  pavement  be  much  more. 

The  asphalt  surface  may  be  expected  to  go  many 
years  practically  witliout  repairs  and  can  finally  be 
re-Burfaced  at  a  very  low  cost,  re-,, sing  the  old  mate- 
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rial.  The  coiierot.'  siiiljic,.  will  not  only  ik'.mI  ..xtmsiv.. 
rci.airs  soonor.  but  tlic  iv-sMrfin-in-.  u  Ihmi  tluit  I.,.,-om„.s 
iM'ccssary,  will  be  pra.-ticjilly  n  ivl.nil.iinir.  In  th.-  in- 
tcrvcninfj  spac."  of  tinic.  an  nnsi-litly  loj,.!  snrfar,.  will 
liav.'  taken  the  plae.-  of  a  well  known  type  of  eonsfiue- 
tion,  more  i.leasinfr  in  appeaiane...  mid  lepivserilin- 
a  eonsiderably  lower  averajr.-  annnal  eost  than  th.' 
eenieiit  eonerete  exposed  surface. 

It  may  just  as  well  also  he  considered  that   when 

repairs  need  to  be  nia.le  to  a  e< n1  ,M.nevete  road,  it 

re(|uir.s  the  sairie  withdrawal  of  the  road  from  use 
while  the  eenuMit  sets  up  that  proved  such  a  nuisance 
at  the  tinn-  of  the  original  const rucli<.n.  This  is  a  nmt 
ter  of  very  serious  inconv.'nience.  The  asphalt  surface 
can  be  repaired  and  the  rejiaired  section  thrown  open 
to  traffic  almo.st  at  once. 

Beware  of  the  cement  concrete  road! 

An  Interesting  Summary. 

The  following,'  table  seltiii}.'  forth  opi.c.site  each 
point  of  desirability  and  economy  the  relative  [msilions 
of  each  of  the  hifjh  yrade  pavem.'nt  surfaces  in  rela- 
tion thereto  is  (|uite  interesting.  While  no  doubt  many 
readers  will  differ  iji  the  rating  of  the  several  surfa.-..".s 
on  souu"  points,  the  |)reponderauee  in  favor  of  the  she.-t 
as|)halt  surfaces  is  so  great  that  it  will  take  a  gr.  at 
amount  of  shifting  of  the  (irst  meiit  marks  to  "dtcr 
even  a  little  the  conclusions  drawn  by  the  author. 

The  figure  one  indicates  first  merit,  and  the  differ- 
.'Ut  grades  of  demerit  are  indicate.l  by  the  higher 
figuies  ui»  to  figure  five. 

The  Author's  Opinion. 

Possibly,  after  writin-  at  such  lenyth  upon  ihc 
subject  of  street  paving  economy,  tli..  author  will  b,- 
panloned  if  he  states  the  general  pavin-  policy  that 
lie  thinks  at  least  ninety  per  cent  of  our  .•iIi..^  .-oid.l 
adopt  to  their  laiting  advantage,  as  ioliows : 

All  str.-et  roadways  to  have  a  pavcmcui  wind, 
-hall  consist  priu.arily  of  a  standard    Portland  c,.,„cnt 
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Stone-filled  sheet  asphalt  pavement  wearing-  sur- 
face from  one  and  one-half  to  two  and  one-half  inches 
in  thickness,  according  to  traffic,  should  be  adopted  as 
the  standard  pavement  we;(ring  surface,  and  used 
wherever  there  is  no  good  and  sufficient  reason  for 
employing  another  material. 

I'nf.-u\,.,l    -ijinit,.    |,;i\ii,^    l,|,„.|c    u,.;iii,|,_,    siirl'n.-,-, 
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Steep  to  permit  the  use  oi  stone-filled  sht-.-t  asphalt 
m  street  railway  special  work,  arouuci  watering 
troughs,  and  in  other  places  where  stone-tilled  sheet 
asphalt  Will  not  stay  in  place;  and  ot.  those  hloeks  and 
points  of  intensely  heavy  traffic  where  experience 
proves  that  granite  paving  blocks  are  sufiiciently 
lower  in  average  annual  eost,  or  otiierwise  suffieiently 
desirable  to  justify  their  use  at  th.  particular  locatioa 
despite  their  high  original  cost. 

On  light  traffic  residential  streets  whe^e  the  grade 
IS  too  steep  for  stone-filled  sheet  asphalt  and  the  situa- 
tion will  not  justify  the  expense  of  an  improved  granite 
block  wearing  surface,  the  ordinary  concrete  founda- 
tion or  a  little  better  to  be  laid  with  well  roughened 
upper  surface  an.l  left  uncovered.  This  will  crack  and 
wear,  but  what  of  it?  The  average  annual  cost  will  be 
low  compared  to  granite,  it  will  be  sanitarv  and  clean 
and  It  can  later  either  be  surfaced  with  improved 
granite  blocks  or  crushed  and  used  as  aggregate  for 
d  new  foundation  for  them. 

1  .^  ^^^^l  pavement  wearing  surfaces  should  not  be 
laid  at  all  unless  there  are  good  and  sufficient  reason* 
therefor  that  overcome  the  fa^ts  presented  herein- 
which  reasons  will,  of  course,  prevail  in  son,,,  eases 
covering  but  a  small  percentage  of  the  total  parable 
area  of  our  city  streets. 

While  this  book  has  been  written  with  cifv  a„d 
mterurban  roadways  principally  in  mind,  thesanie 
facts  and  conclusions  will  apply  to  country  and  village 
highways  whore  there  is  sufficient  traffic  to  instjfv 
the  laying  of  a  pavement  surface  instead  of  puttinc.  „p 
with  a  gravel  or  earth  road  covering. 
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Standard  Sheet  Asphalt  Surface  Mixture. 

The  accompanying  photograph  is  a  facsimile  of  the 
routine  report  on  a  standard  sheet  asphalt  wearing 
surface  as  laid  by  the  City  of  Montreal  under  the  ad- 
vice and  direction  of  the  author,  actinj.'  fur  the  Milton 
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Hersey  Company.  In  some  cases  it  was  necessary  to 
lay  the  so-ealled  binder  course  because  the  cont-rete 
had  already  In-en  prepared  for  -.  three-inch  thickness 
«f  surface;  in  others,  where  it  was  possible,  the  so- 
called  binder  was  eliminated  at  the  author's  suggestion. 
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Stone-FiUed  Sheet  Asphalt  Surface  Mixture. 

Thr  acc()iii|>;,Mviiitr  pliofc.-iiipli   is  i,   liicsiniil,.  (,f  tiio 

'■'"",'"•■  '•'••'•"•'  ""  "'"■  sfo,N--lilh..|  s I  ;,s,,|,alt  w..i.rinfr 

siirtan'   that    app.'ais  on    the   paj.'r  opp„sitf.   That   pail 
<.r  th,.  a-M-..trat..  whi.h   will  pass  a  t.-,,  ,n.-sh  .si.-v..  has 
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Stone-Filled  Sheet  Asphalt  Wearing  Surface. 
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Grading  of  Sand  Aggregate  for  Sheet  Asphalt 

The  accompanying  photograph  is  a  facsimile  of  a 
routine  report  on  sand  for  asphalt  paving  purposes 
taken  after  it  had  passed  through  the  drying  and  heat- 
ing <lruiu.     It  indicates  some  of  the  many  difficulties 


H! 


I 

hi 


if 


^^  ll.tS 
REPORT  AND  ANALY8B8  ON  ASPHALT  PAVINO  MATKR.ALS  ^'^'■ 


Milton 
Hersey 
Company, 
Ltd. 


MKtTMSiMKai, 

m 
nnnui  cKimi 


Dr  HILTON  L  HUSIY 


CoMbttlatf  CWalM  to 
City  AMijrrt  lot 


KOSEkT  JOB,  A.B.. 
ViM-PTMidBM. 
DtmeWfaf 


C.  R.   HAZEN.  U  S<.. 
Vi««-l*T«idui. 


c*rr.  JAI.  o.  ROM. 

CoMuMat 


CHAItLSSA.  MULLEN 
DItMlo 
pB«ta« 


■mmu. 


tW  aAMO  IS  A  MIBTUMI  OW  TWO  OH 

MOMK     •AMOS.     TMI     OKI«IM     AMO 

^MO^OMTION     or     lACM'   MUOT    •« 

•TArlD  atLOW 


S-.lnt  Bntllt  Jacot.     lORTH 


Klxtur*  of 


SAMPLE  OF       D  B  D  ■ 


SAND 


6  cart*  fin*  (and 


3  part*  B*41nB 


1  part     soar** 


^'Il-12t6 


200  i 


100 


80 


sol 


<0 


30  , 

20! 


10  I 


TOTALS         100     5 


tak*B  at  Mlx«r  o^ 


SITISIOI  ISFHAIt  PIIST 


b7  Joseph  lakall*. 




7:30  i.   a. .    lOVEMBER  23rd,    1916. 


V  or  Trars  or 


Faml*h*d  tf 


J.  AY] RAH.   Joll*tt*,   Qn*b*a. 


■•■■irnatisin 


-  PigNfM  wkom  p«KtMagH  by  »il^l. 


2 

11 

38 
20 
T 

3 

£  |4 


24 


'7 


59 


18 


100  0 


'7 


43 


13 


'    2 
lo  1    «5 


>o 


40 


i° 


45 


I.    B. 


REMARKS:'^!*  "'^^  is  d*fiol*nt  In  eo  and  100  acd  in 
_lp,    20  and  35  and    1*  obrrVapondlngly  orerloaded  wlfK"~ 
^0  and  SO  o*8h  grains.        It  reqalrss  tb*  adnixtar*  of 
.-(••'Bs'"  proportion*  of  tS*  fin*  and  th»  soars*  fanda. 

(iafflol«nt  to  r*i!itdy  th*  d«y*ot«'  noi'»i"J 

MILTON    HERSEY    COMPANY.    LTD. 

0.  ^F>y\,*^M4^^ 


.  oiRacTOH'or  yaviw  o«>*iitii«iT  I 


of  securing  a  suitable  and  uniform  sand  aggregate  for 
sheet  asphalt  and  stone-filled  sheet  asphalt  wearing 
surface  .ixtures.  The  trouble  in  this  case,  though 
principally  with  ununiform  shipments  from  the  source 
of  supply,  was  partly  due  to  the  plant  arrangements. 
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